Historic,  Archive  Document 

i 

Do  not  assume  content  reflects  current 
scientific  knowledge,  policies,  or  practices. 


UNITED  STATES 

DEPARTMENT  OF  AGRICULTURE 
LIBRARY 


Reserve 

Book  number  A290 
869545  A trft 


UNIT®  STATES  .DEPARTMENT.  OF  AGRICULTURE 

‘ • -:r  ^ ‘ 

3 ‘'survey  REPORT; 

0 

WATERSHED  OF  THE  LITTLE  SIOUX  RIVER 


(Iowa  & Iv^innesota) 


(4 . n.  A 


r 


Program  for  Watershed  Improvement 
r in  Aid  of  Flood  Control  ^ 


Pursuant  to  Section  6 of  the  Flood  Control  A.ct, 
June  22,  1936,  Public  738,  74th  Congress,  Public 
406,  75th  Congress,  August  28,  1937 


MAY  i 1943 


CONTENTS 


Foreword 
Section  I 

Section  II 
Section  III 

Section  IV 

Section  V 

Section  VI 
Section  VII 


Pages 

SUMMARY  REPORT i to  iii 

REPORT ^ 1 to  30 

Brief  Description  of  the 
Watershed 1 to  4 

Flood  Problems  and  Damages  • 5 to  10 


Current  Activities  Related 
to  Flood  Control 11 

The  Proposed  Remedial 

Program 12  to  20 

Physical  Effects  of  the 

Program 21  to  24 


Benefits  of  the  Program  . • 25  to  29 

Comparison  of  Benefits  and 
Costs  •••••••• 


• • • 


30 


Vt. 


1 


SUmRY 


In  complianc©  with  the  Flood  Control  Act  of  1936  and  subsequent 
related  legislation  the  U,  S,  Department  of  Agriculture  conducted  a 
survey  of  the  watershed  of  the  Little  Sioux  River,  The  findings  of 
this  survey  are  briefly  summarized  below  and  given  in  greater  detail 
in  the  body  of  this  report. 

The  Watershed  .and  the  Problem 

The  Little  Sioux  River  rises  .in  southwestern  IvUnnesota  and  flows 
in  a southwesterly  direction  to  enter  the  Missouri  River  about  halfivay 
between  Sioux  City  and  Council  Bluffs,  Iowa,  The  entire  watershed  con- 
tains 4,502  square  miles,  more  than  93  percent  of  which  lies  within  the 
State  of  Iowa,  The  uoner  third  of  the  watershed  lies  in  a glaciated 
region  and  contains  a considerable  number  of  lakes,  Tfind  IIotto  material, 
or  loess,  has  covered  the  lower  nart  of  the  watershed,  producing  soils 
of  exceptional  productivity.  The  topography  of  the  loess  covered  area 
varies  from  gently  rolling  throughout  the  central  portion  of  the  basin 
to  precipitous  in  the  bluffs  bordering  the  Missouri  River  alluvial  plain. 
Practically  all  of  the  watershed  is  in  farms  and  about  one-half  of  the 
land  is  used  for  the  production  of  com  and  small  grain. 

Flood  run-off  originating  on  the  loess  covered  portion  of  the  Little 
Sioux  watershed  is  responsible  for  damages  considerably  in  excess  of  one- 
half  million  dollars  each  year.  In  the  main  these  damages  are  the  result 
of  (a)  discharge  of  flood  waters  and  sediment  upon  the  rich  alluvial 
plain  bordering  the  li!issouri  River ^ (b)  flood  overflows  along  all  upland 
streams  and  (c)  the  rapid  growth  of  trench  type  gullies  of  great  depth. 

In  addition  flood  run-off  removes  large  quantities  of  fertile  top  soil 
from  the  upland  farms,  thus  bringing  about  the  gradual  deterioration  of 
an  irrepla cable  natural  resource. 

Recommended  Program 

The  remedial  program  designed  fop  abating  the  flood  and  related 
damages  mentioned  above  consists  of  two  phases:  (l)  The  treatment  of 

farmlands  in  the  loess  covered  portion  of  th.e  watershed  below  Clay  and 
Osceola  Counties,  Iowa,  to  reduce  flood  run-off  at  its  source  and  mini- 
mize erosion;  and  (2)  the  building  of  structures  to  control  major  gullies; 
that  is,  gullies  so  large  that  they  cannot  be  stopped  by  individual  action. 

The  proposed  farmland  treatment  measures  are  directed  to?<rard  increas- 
ing the  proportion  of  the  watershed  protected  by  grass  and  other  close 
groT'dng  covers  and  assisting  the  farmers  to  put  into  effect  improved 
agricultural  practices.  Both  of  these  things  will  increase  the  amount 
of  storm  rainfall  taken  into  the  soil,  during  flood  periods  and  will 
thus  reduce  both  flood  run-off  and  erosion.  T];^e  more  important  of  the 
measures  contemplated  are:  (a)  The  placing  of  lands  too  steep  for 

cultivation  under  permanent  protective  covers  such  as  grass  and*  trees; 

(b)  the  use  of  soil  and  water— conserving  rotations,  including  winter 
cover  cPops;  (c)  the  improvement,  protection  and  management  of  pastures 
and  woodlots;  and  (d)  supplementary^  measures  such  as  terracing,  contour 
furrowing,  tree  planting,  refencing,  gully  control  and  wateirAray  protection. 
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To  control  the  me jor  gullies  it  is 


oronosed  to  build  or rtli  d.rins 


nt  strategic’  boints  and  to  install  flumes  and'  other  structures  to  comrej^ 
the  flood  urate rs  safely  to  the  bottoms  of  the  gullies,  Ihny  of  these 
earth  d^ams  urill  also  take  , the  olace  of  bridges  nour  being  maintained  at 


great  exoense. 


■*  "'  The  program  described  above  is  to  be  applied  to  that  portion  of 
the  watershed  lyiang^  below  Clay  and  Osceofa  Counties  and  above  the 
Missouri  River  alluvial  plain.  This  area  vras  divided  into  two  main, 
divisions  for  purposes  of  designing  and  evaluating  the  remedial  program. 
Division  A (see  Figure  l)  includes  the  upper  45  percent  of  the  area  to 
be  treated  and  is  to  receive  farm,  land  treatm.ent  only.  In  Division  B 
both  the  farm,  land  treatment  measures  and  the  major  gully  control 
works  are  to  be  installed. 


It 'is  recomm.ended  that  the  sum  of  $4_,280^000  of  Federal  funds  be 


this  nrograiTi.  nursuant  to  the  Flood 

(< 


Control  Act 
) acceotable  to 


exnended  to  install 

of  1936^  orovideds  (a)  that  a local  agency  ior  agencies 
the  vSecretar^/  of  Agriculture  agrees  to  contribute  the  sum  of  $368,000 
toward  the  construction  of  earth  dams  in  m.ajor  gullies  or  agrees  to 
nlace  one-half  .of  the  earth  fill ' required  in  the  construction  of  these 
dam.s,  and  (b)  that  a local  agency  (or  agencies)  acceptable  to  the 
Se Cretan^  of  Agriculture  agrees  to  insoect,  ooerate,  repair,  replace 
and  othem;d.se  maintain  the  major  control  gully  works  in  perpetuity. 

It  is  e>m)ected  that  the  norm,al  expenditures  of  the  Department  of 
i^gri culture'  will  continue  to  be  made  in  the  watershed  under  the  -Soil 
Conservation  and  Agricultural  ConserV'^tion  Programs,  and  that  these 


expenditures  id.ll  bring  about  the  installation  of  a portion  of  the 
Yrork  contemplated  und.er  this  plan.  Requests  for  future  appropriations 
to  finance  the  program  herein  described  will,  of  course,  take  acoount 
of  whatever  progress  has  been  made  toward  installation  of  the  program- ■ 
through  Department  expenditures  under  its  regular  programs. 


Distribution  of  Costs  ; The  measures  recommended  .for  installation  and 
the  amiount  o.f  Federal  funds  required  for  each  program  are  as  follows; 


. 1. 

Farm  land  treatment 

11,372,057 

. 2. 

laajor  gully  control 

2,411,530 

In  addition  .famers  and  other  individuals  must  contribute  an  esti-,; 
mated' $1,259^120:  in  the  form  of  labor  and  m^aterials  to  install  the  farm 
land  treatment  program  and  vState  or  locad  agencies  must  contribute  an 
estimated  8368,000  in  the  .form  of  labor  and  equipment  for  earth  fills  to 
install  dams  in  the  major  gully  control  program  that  mil  replace  exist- 
ing bridge  crossings. 

The  Federal  Govornraent  will  incur  no  costs  for  the  operation  a rid 
maintenance  of  either  of  the  program.s. 

The  cost  of  maintaining  the  progr.""m.  in  Division  A would  amount  to 
$570,687  annua.ll^r,  all  of  which  would  be  borne  by  the  .f.-Tmers,  In 


-Ill' 


Division  B the  fenners  would  maintain  the  farm  land  treatment  measures 
at  an  annual  cost  of  S528, 057  and  a suitable  State  or  local  agency  (or 
agencies)  would  maintain  the  major  gully  control  works;  a responsibilitj'- 
that  will  require  an  annual  expenditure  averaging  about  §20,000. 

In  deriving  the  above  costs  it  was  assumed  that  70  percent  of  the 
farmers  would  participate  in  the  farm  land  treatment  phase  of  the  pro- 
gram and  that  all  major  gullies  would  be  controlled. 

Economic  Justification:  It  is  estimated  that  the  program,  will  yield  the 

following  average  annual  direct  benefits: 

Reduction  of  flood  damages  to  crops  and  pasture  $ 38,511 

Reduction  of  flood  damage  to  fences,  highways 


and  railroads  12,659 

Reduction  of  sedimentation  damage  to  drainage  ■.  •’18,263 

ditches 

Reduction  of  damage  to  land  by  major  gullies  ' 184«  546 

Total  flood  control  benefits  253,979 

Increase  in  farm  income  (on-site  benefits)  2,627.290 

Total  average  annual  benefits  §2,881,269 


Average  annual  costs  and  benefits  of  the  program  are  as  follovrs: 


Average  Annual  Costs  and  Benefits 


vVatershed 

Annual 

Benefits 

Annual  Costs 

Benefit 

Flood  Control 

Division 

Total 

Flood 

Control 

Total  Federal 

Per  Dollar 
Total  Cost 

Benefit  ner 
Dollar  Fed- 
eral Cost 

A 

1,517,600 

31,700 

617,000  27,800 

2.46 

1.14. 

B 

1,363,700 

222,300 

■ 708,400  122,000 

1.92 

1.82 

Total 

2,881,300 

254,000 

1,325,400  149,800 

2.17 

1.69 

FomimB 


At  the  outset  of  the  Survey  preliminary  studies  were  made  of  the 
flood  problems  of  the  entire  Little  Sioux  watershed  and  consideration 
was  given  to  oossible  programs  for  abating  flood  damages,  i's  a re- 
sult it  was  concluded  that  treatment  of  the  glaciated  area  in  the  extreme 
headwaters  (Zones  0 and  1 of  Figure  l)  would  not  oroduce  sufficient 
flood  benefits  to  warrant  further  investigation.  Accordingly  a detailed 
survey  was  made  of  only  that  oortion  of  the  watershed  lying  below  the 
glaciated  area. 

In  evaluating  the  orogram  recommended  in  this  Report  benefits  were 
derived  for  the  treatment  of  Zones  2,.  3 and  4 of  Figure  1,  Upon  finding 
that  the  treatment  of  each  of  these  zones  could  be  justified  it  wp.s  felt 
advisable,  in  the  interest  of  simplifying  administrative  arrangements, 
to  provide  a more  definite  upper  limit  for  the  area  eligible  to  receive 
treatment,  A sensible  choice  seemed  to  be  the  south  and  vrest  boundaries 
of  Clay  County  and  the  south  boundary  of  Osceola  County,  Adopting  this 
upper  limit  the  final  evaluations  of  costs  and  benefits  were  made  for 
two  Divisions  of  the  watershed*  Division  A,  comprising  all  of  the  land 
lying  below  Clay  and  Osceola  Counties  and  above  the  lower  boundary  of 
Zone  2 1 and  Division  B,  including  Zones  3 and  4 of  Figure  1, 

The  damages  caused  by  stream  overflow,  and  the  benefits  derived 
from  reducing  such  damages,  must  be  developed  by  watersheds  rather  than 
by  Zones  or  Divisions,  Such  damages  and  benefits  were,  therefore,  cal- 
culated separately  for  the  follovring  subwatersheds:  (a).  The  Little 
Sioux  above  Zone  5 and  below  the  upper  limit  of  Zone  2;  (b).  Maple 
River  above  Zone  5,  and*  (c),  the  West  Fork  above  Zone  5 (including 
all  tributaries  to  the  West  Fork), 
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SECTION  I ~ DESCRIPTION  OF  THE  ^fATERSHED 
Location  and  Size 

The  Little  Sioux  River  drains  a total  area  of  4502  square  miles, 
of  which  4197  square  miles  are  in  northwestern  Iowa  and  305  square  miles 
are  in  southwestern  Minnesota-.  The  long,  narrow  basin  extends  about 
135  miles  northeast  of  the  confluence  of  the  Little  Sioux  River  Td.th  the 
Missouri  River  at  River  Sioux,  Iowa-,  It  has  a maximum  width  of  50 
miles  at  a point  about  50  miles  above  the  mouth.  (Figure  l) 

Population 

The  population  of  the  watershed  is-  125^000^  an  average  of  28  per 
square  mile . 


Climate 

The  climate  of  the  region  is  favorable  to  agriculture.  The  average 
annual  precipitation  is  approximately  28  inches,  75  percent  of  which 
fS.lls  during  the  crop— grooving  season.  Only  a three-inch  variation 
exists  in  average  rainfall  from  the  southern  to  the  northern  portion  of 
the  watershed,  the  range  being  27  inches  to  30  inches.  The  mean  annual 
air  temperature  is  47  degrees  ivith  an  average  maximumi  of  58  and  an  ave- 
rage minimum  of  36.  Tlie  average  gromng  season  is  151  days.  The 
warmest  month  is  July,  v/ith  a mean  temperature  of  74  degrees  and  the 
coldest  month  is  January,  rrith  a mean  temperature  of  18  degrees. 

Physiography  and  Soils 

The  vj-a  ter  shed  can  be  divided  into  six  physical  zones  (See  Figure  l), 
Proceeding  dormstream  from  the  head  of  the  basin:  Zone  0 is  the  irregu- 

lar terminal  m.or^ine  area  developed  by  the  Wisconsin  glacier;  Zone  1 is 
an  area  of  relatively  sm.ooth  glacial  drift;  Zone  2 is  a gently  rolling 
area  on  which  the  soils  are  predominately  of  loessial  origin;  Zone  3 is 
a steeply  rolling  area  of  loessial  soil  in  which  slopes  of  8 to  15  per- 
cent predominate;  Zone  4 is  a "bluff  area"  of  loessial  soil  in  which 
the  slopes  range  from  15  to  50  percent;  Zone  5 is  part  of  the  alluvial 
plain  of  the  Missouri  River.- 

The  soils  of  the  Little  Sioux  Basin  may  be  divided  into  three  gen- 
eral groups  according  to  the  parent  material  from  which  they  have  devel- 
oped — upland  soils  derived  from  loessial  materi^~‘ls,  upland  soils 
derived  from  glacial  material,  and  terrace  and  first  bottom  soils. 

The  soils  derived  from  loess  constitute  the  most  extensive  group  of 
upland  soils  co^'^ering  approximately?-  2290  square  miles.  These  soils  are 
in  general  ^ghly  productive  except  where  the  slopes  exceed  15  percent. 
The  steeper  land  has  been  subject  to  severe  erosion. 

The  soils  derived  from  glacial  material  are  in  general  less  r'^-lling 
than  those  derived  from  loess,  and,  except  in  lim.ited  areas  of  s'^ndy  nr 
gravelly  material,  are  highly  productive  if  drained.  Erosion  is  less 
severe  th'*^n  in  the  loessial  area. 


- 2 ~ 

The  soils  of  the  bottomland  and  terrace  group,  excent  those  of 
sandy  texture,  are  inherently  producti'’''e . Drainage  'is  required  in  the 
Missouri  River  allrn/ial  plain  area. 

Vegetation 


Prior  to  its  settlement  by  the  ■'/d^.ite  man  most  of  the  Little  Sioux 
Watershed  was  covered  with  native  prairie  grasses.  At  the  present  time 
it  is  a highly  developed  agricultural  area  and  practicallj?'  all  of  the 
land  is  in  farms. 

For  the  vratershed  as  a whole,  corn  is  the  leading  crop  followed  in 
importance  by  small  grain.  About  half  of  the  uplands  are  used  for  the 
production  of  these  two  crons. 

The  predominant  meadow  crop  in  the  southern  portion  of  the  area  is 
sweet  clover.  A small  amount  of  the  brome  grass  and  alfalfa  is  also 
gro'wn  in  this  area.  In  the  northern  section  alfalfa  and  red  clover  are 
the  predominate  me  a dor/-  crons  , 

A part  of  the  bluff  area  of  Woodbury,  Monona  and  Harrison  counties 
consists  of  slopes  too  steep  for  cultivation.  The  prevailing  vegetation 
on  these  slopes  is  native  prairie  grass  consisting  in  the  main  of  big 
bluestem,  little  bluestem,  and  side  oats  grama.  About  70  percent  of 
this  cover,  is  poor  to  fair  and  affords  little  protection  to  the  land. 

Tlie  Small  amount  of  permanent  tame  pasture  ’found  in  the  wo  tor  shod 
occupies  the  poor  13^  drained  draws  and -the  stoop  areas  along  tiie  rigors. 

The  amount  of  woodland  in  the  watershed  is  relatively  small  rnd 
is  largely  restricted  to  the  river  valle^rs  and  to  the  nopth  and  oast 
slopes  of  the  loess.? a.l  bluffs.  Practically  all  of  the  thnborland  is 
grazed  and  'affords  little  watershed  protection, 

Channel  Characteristics 

There  is  considerable  variation  in  stream  channel  gradient  among  the 
tributary  vra.tr: raheds  studied,  .The  Little  Sioux  proper  has  an  average  fall 
of  approximately  I.7  feet  per  mile,  ..through  tlie  flood  damage  arer^ . Gra- 
dients through  the  flood,  damage  area  on  the  smaller  tributaries  are  approx 
imately  as  follows:  Maple  River  5.5  feet  per  mile,  'Test  Fork  6,3  i^*eet  per 
mile,  Elliott  Creek  B.3  feet  per  mile,  . -lie re  these  streams  enter  the 
Missouri  River  Flood  Plain,-  there  is  an  abrupt  change  in  channel  gradient. 
From  this  point  to  their  confluence  vlth  the  xviissouri  River  the  gradient 
is  approximately'’  1 foot  per  mile,  .Tiiis  abru.pt  change  in  gradient  causes 
the  deposition  of  large  quantities  of  sediment  in  Zone  5. 

T^/Pos  of  Farms  ..  .. 

Mixed  livestock  and  hog  farming  predominates- in  the  vra  tor  shed. 
Hewever,  cash  grain  farms,  cattle  or  sheep  feeding  farms,  and  cattle 
raising  farms  arc  found  throughout  the  vira.tcrshod.  Grain  is'  sold  from 
tvrc-third.s  of  the  farm.s  but  brings  in  only  about  one -sixth  of  the  total 
income,  • 
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Farm  Size.s  ?nd  Incomes 

Hie  average  farm,  contains  about  200  acres  ^ There  are  relatively 
few  farms  as  sm.all  as  80  acres^  or  larger  than  400  acres. 

The  average  net  cash  incom.e  ner  farm  in  the  watershed  in  1939 
was  $1493,  mth  a range  of  from  $4297  to  $112,  The  average  farm  income 
in  the  gently- rolling  area  is  about  $1700  whereas  in  the  steeply  rolling 
and  bluff  area  the  average  is  only  $1100, 

Tenancy 

■f  - 

The  proportion  of  tenancy  in  the  various  counties  of  the  watershed 
ranged  from.  57  to  63  percent  during  the  neriod  1928-38,  In  addition  to 
this,  the  percentage  of  oart  tenters  was  between  8 and  9,  Although  there 
is  some  cash  renting,  esneciallj?’  on  the  bc.tter  land,  and  a small  number 
of  stock  share  leases,  most  of  the  renting  is  done  on  a crop  share  basis. 
About  one-fifth  of  the  renting  arrangements  are  between  relatives.  The 
pronortion  of  renters  moving  in  any  year  is  not  high.  The  usual  term  of 
leasing,  horrever,  is  on  a year-to-year  basis. 
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Area  of  V/atershed  Subdi\d.sions 


The  ^rors  the  arinciDP.l  subdi'''’isi^ns  the  ■'-vatershed  used  in 
designing  and. evaluating  the  nrogram  rocemmended  in  this  report  are 
sujamarized  below; 


Total  area  in  Little  Sioux  'Tatorshed 

4502.3 

square 

mile: 

Area  of  Division  A 

1490.5 

II 

II 

.rrea  of  Division  B , 

1229.6 

II 

II 

Total  area  t^  receive  treatment  under  nrogram. 
Areas  in  Z'-nes 

2720.1 

II 

II 

Zone  0 

730.6 

II 

II 

Zone  1 

■ 747.7 

II 

II 

Zone  2 ■ - 

1441.2 

II 

II 

Zene  3 

659.4 

II 

II 

Zone  4 

570.2 

II 

II 

Zone  5 (Missouri  River  Alluvial  Plain) 

303.2 

II 

II 

Areas  of  Subv^atersheds  hy  zones 


Little  Siou::  Subv;a.tershed 
Zone  2 
Zone  3 
Zone  4 
Total 


7S5.7 

221.4 

106.6 


1113.7 


K'^dIc  River  Subwatershed 
Zone  2 
Zone  3 
Zone  4 
Tntal 


372.6 

226.5 

140.9 

740.0 


Vfest  F-^rk  Subvratershed 
Zone  2 
Zone  3 
Z'^ne  4 
T-tal 


2B2.9 

211,5 

183.2 

677.6 


Areas  of  other  watersheds  used  in  ovaluati^'n 

’■/cst  F--rk  ( Drone r)  395.0 

Flli^tt  Creek  58.5 


A rea  of  small  tributaries  n^-t  draining 

into  any  of  the  three  major  subr.Tatersheds  139.5 
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SECTION  II  » FLOOD  PROBLEI^'iS  AI^ID  DAIvIAGES 
Flood  and  Related  Problems 

Flood  run-off  in  the  Little  Sioux  watershed  is  responsible  for  a 
number  of  problems.  The  most  serious  of  these  are  briefly  described 
below: 

1,  Damage  to  Drainage' District  Lands ; As  will  be  seen  from  Figure 
1 the  streams  of  the  watershed  discharge  upon  the  alluvial 
olain  of  the  Missouri  River,  To  enable  this  area  of  rich 

soil  to  be  farmed,  drainage  districts  viere  formed  and  ditches 
constructed.  The  flood  waters'  discharged  into  these  ditches 
by  the  Little  Sioux  and  its  tributaries  frequently  break  out 
and  inundate  large  areas  of  cropland.  Moreover,  the  large 
quantities  of  sediment  brought  dovm  from  the  eroding  uplands 
fill  the  ditches  and  must  be  removed  at  great  expense  to  the 
drainage  districts,  A'bre  than  one-fourth  of  all  the  damages 
attributable  to  floods  originating  on  the  Little  Sioux  water- 
shed are  experienced  on  this  alluvial  bottom, 

2, - Overflow  of  Main  Stem  Bottoms;  Floods  regularly  inundate  the 

rich  bottomland  along  the  main  watercourses  of  the  upland  area 
causing  much  damage  to  crops  and  pastures.  Such  losses  are 
particularly  high  along  the  loiter  25  miles  of  the  Little  Sioux 
itself  where  they  average  about  2300  dollars  per  mile  of 
valley  every  year, 

3,  Dama.ge  by  ^'la.ior  Gullies : In  the  lower  portion  of  the  basin 

(Zones  3 and  4 of  Figure  l)  trench  type  gullies  of  great 
depth  are  advancing  into  upland  farms,  forcing  the  abandonment 
of  large  areas  of  productive  land  and  making  necessary  the 
construction  and  maintenance  of  numerous  bridges.  These 
gullies  are  developed  by  flood  run-off  from  areas  ranging  in 
sizo  from  1 to  10  square  miles  and  thus  the  owners  of  the 
farms  first  damaged  have  no  control  over  the  lands  on  which 
the  run-off  originates.  Once  such  a gully  is  well  started  it 
becomes  impossible  for  the  indi\mdual  landovmers  to  check  its 
progress  and  public  action  is  required  to  avoid  the  eventual 
loss  of  the  entire  contributing  area,- 

4»  Damages  in  liUnov  Streams;  Throughout  the  area  surveyed  fre- 
'quemt  floods  are  experienced  in  small  watercourses.  In  the 
aggregate  the  damage  caused  by  those  floods  is  surprisingly 
high;  on  some  watersheds  exceeding  the  damage  along  the  main 
stem, 

5,  Erosion  of  Farmlands ; Erosion  of -the  productive  surface  soil 
from  upland  farms  is  another  serious  problem  related  to  floods, 
in  that  the  soil  is  removed  by  flood  waters  on  their  way  to 
the  main  watercourses. 

The  three  subwatersheds  selected  for  the  evaluation  of  flood  and 
related  benefits  were;  The  vratershed  of  the  Little  Sioux  itself  below 
Zone  1;  the  watershed  of  lb.ple  River;  and  the  ¥est  Fork  and  all  of  its 
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tributaries.  The  princiDal'  damages  chargeable  to  the  run-off  and  sedi- 
ment coming  from  these  ’.watersheds  are: 

(a)  For  the  Little  Sioux  - The  high  damages  caused  by  inundation 
of  crops  and  pastures  in  the  lower  readies  of  the  main  stem. 

(b)  For  the  Maole  River  - The  damages  to  lands  and  bridges  by  the 
major  gullies  of  Zones  3 and  about  half  of  all  attributable 
damage  being  chargeable  to  this  source.. 

(c)  For  the  ■''’est  Fork  - The  damages  to  drainage  districts  on  the 
lassouri  River  alluvial  plain;  more  than  three— fourths  of  all 
the  damages  suffered  by  these  districts  being  chargeable  to 

'•■water  and  sediment  discharged  by  the  "'Test  Forlo  an'd  its  tributaries. 

Flood  Damages  in  Zones  2,- '3  and  4 

The  nrincipal  .flood  damages  experienced  upstream  from  the  Missouri 
River  alluvial  plain  are.  of  the-  follor/ing  kinds  : • 

1,  Damage  to  crops  and  pastures  .by  W£.ter  and  sediment, 

2,  Damage  to  fences^  highways  and  railroads.  • ' 

3,  Damage  caused  by  major  g^.lllies, 

■ ■ f 

i.  . . . ^ - 

Damage  to  Crops  and  Pastures 

The  damages  to  props  and  pastures  along  the  main  streams  wore  esti- 
mated by  the  follovdng  procediure  : 

a,  3y  using  informr.tion  obtained  from  flood  plain  farmers_,  the 
damage  done  to  crops  and  pasture  by  inundation  to  various  depths 
and  for  various  periods  of  tj. me.  were  determined  for  the  Little 
Sioux,  Maple,  ’'■‘Ost  Fork  and  Elliott  main  stom.s,- 

b.  The  areas  that  "would  be  inundated  by -floods  of  selected  magni- 
tude v.rere  dcterm.ined  for  various  re^'chos  of  the  stream  by  hydraulic 
calculations . 

. c.  The  dura.ti'-ns  of  inundation  on  various  parts  of  the  floo^^  plain 
were  cstima.ted  for  selected  floods, 

\ * 

d.  ‘dth  the  data  itemized  above,  cur^’-es  were  constru.cted  sh^’.Ting, 
by  seasons,  the  damage  that  w'^uld ■ be . done  in.  selected  readies 
of  the  strc'’m  by  a flood  reaching  ara’-  po-’k  at  the  lower  nn^  of 
the  subn-^  ter  shed. 

o.  An  evaluation  sories  of  .floods  iwas  derived  for  each  subwatershed; 
that  is,  the  floods  to  bo  expected  during  a selected  period  of 
years  (15  years  on  the  Little  Si-ux  and  I.ia.ple  and  16  years  on 
Lest  Fork  and  Elliott  Crc'ok). 
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f«  'The  dam.age  that  ’vvould  be  caissed  by  each  of  the  floods  in  the 
evaluation  series  was  determined  by  use  of  the  curves  shopring 
the  relations  between  discharge  and  damage j approximate  correc- 
tions being  made  for  the  effect  of  previous  floods  in  reducing 
the  value  of  crops  in  the  flood  plain. 

g.  The  average  annual  damage  Y/as  determined  by  summing  the  damages 
done  by  each  flood  in  the  evaluation  series  and  dividing  by  the 
number  of  j^ars  in  the  evaluation  period. 

This  orocedure  is  explained  in  detail  in  Appendix  3 and  the  calcula- 
tions of  average  annual  dam.age  are  given  therein. 

Damages  to  crops  and  oastures  include  those  caused  by  inundation  by 
flood  waters  for  the  duration  of  such  inundations  and  those  caused  b],’- 
flood  borne  sedim.ent.  This  sediment  causes  a reduction  in  ^'ields^  loss 
of  fertility  of  agricultural  lands  and  a reduction  of  agricultural  acreage 
through  the  deposition  of  sterile  debris. 

The  damages  to  crpos  and  pastures  in  minor  tributaries  were  estimated 
by  obtaining  schedules  of  flood  damage  through  field  appraisals  at  half 
mile  intervals  along  all  of  the  named  stream.s  in  the  area  surveved. 

Damage  to  Fences.  KighYrays  and  Railroads 

' Damages  to  .fences^  highYfays  and  'railroads  yrere  estimated  by  field 
appraisals  at  the  time  the  information  on  crop  and  pasture  da.ma.ge  Y/as 
obtained.  Host  of  the  damage  to  highways  and  railroads  is  a result  of 
sediment  deposition. 

Damage  Caused  by  Major  Gullies 

The  annual  damage  caused  by  majpr  gullies  Yd.ll  vary  in  the  future 
because  gully  sj^-stems  develop  at  an  accelerating  rate  until  the  drainage 
area  becomes  thoroughly  dissected  and  then,  as  the  areas  contributing 
run-off  to  the  lateral  gullies  become  sm.aller  and  smaller,  the  rate  of 
development  decreases.  Because  of  the  variation  of  damage  with  time  it 
is  necessary  to  discount  all  future  damages  to  their  present  value,  j^ear 
by  year,  and  to  sum  these  annual  values  to  obtain  the  total  monetary 
damage.  To  make  this  possible  it  mras  necessary  to  predict  the  rates  at 
Yfhich  lands  in  the  gullied  Yfatersheds  yrould  be  damaged  in  the  future. 

As  a basis  for  predicting  future  rates  of  land  damage  a study  ^vas 
made  of  29  sample  gully  syjHjafas  chosen  at  random  ■within  zones  especially 
delineated  for  sampling.  Through  a field  suia/ey  the  folloYring  data  were 
collected  for  the  eleven  samples  on  which  public  action  would  clearlj?’  be 
required  to  control  the  gully; 

1,  Area  of  contributing  watershed 

2,  Area  of  land  destroyed  (engulfed)  by  the  g>ally  system, 

3,  Area  of  land  forced  into  a less  remunerative  use  by  action  of 
the.  gully,  and  thus  depreciated  in  value,.. 
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4*  Vr.lue  of  landcorociatod  nds 


5.  Voluc  of  dGorcci''.tGd  Irjids 


6.  Aporoxirno.te  ?.gG  of  the  gully  s'^stcm. 


After  a study  of  these  data,  and  of  the  general  history  of  m.ore  • • 
fully  de^'^elooed  gullies  in  other  oarts  of  the  United  States,  it  rras  con- 
cluded that  the  gully  systems  of  this  area  would  develop  in  a manner 
that  can  be  expressed  by  an  equation  of  the  type : 


Ciunulative  effect 


1 


1 + C e 


in  vfhich  C and  k are  constants  and  t represents  the  age  of  the  s-'T'stem, 
By  use  of  the  data  collected  the  constants  in  the  above  eopiation  were 
evaluated  resulting  in  the  expression: 


(1) 


Percent  of  contributing  area  damaged 


100 


1 4-. 1000  e 


This  e:?cpr-ession  gives  the  cumulative  area  damaged  at  any  time  for  a 
gully  system  of  average  characteristics.  It  can  also  be  used  to  calculate 
the  areas  affected  annually.  Both  the  cumulative  and  annual  effects  for 
an  average  gully  system  are  depicted  by  Figure  2, 

The  damage  done  to  an  acre  of  land  affected  hj  any  gully  was  taken 
as  the  difference  between  the  present  value  of  undamaged  lands  and  the 
reduced  value  of  depreciated  lands.  It  is  clear  that  the  actual  damage 
would  be  greater  than  this  amount  as  part  of  the  area  is  eventually 
"destroyed’’,  at  which  time  the  damage  becomes  full  value  of  the  land. 
However,  since  this  additional  damage  is  relatively  sm.all  and  since  its 
omission  only  makes  the  benefits  claimed  for  the  program  recommended  to 
reduce  damages  more  conservative  no  attempt  was  made  to  evaluate  it. 

For  each  sample  watershed  the  acres  damaged  each  year  were  obtained 
from  the  curve  of  Figure  2 and  the  unit  losses  j.n  va.li.ie  arising  .from  de- 
preciation were  applied  'against  these  acreages . The  damage  for  each  year 
was  then  reduced  to  its  present  values  and  summed  by  a graphical  procediu’e. 
Inasijiuch  as  the  present  value  'of  damage  exporicnced  late  in  the  life  of  a 
gully  system,  becomes  vanishingly  sma.ll,  the  estimate  of  total  damage  de- 
rived by  this  procedure  is  equivalent,  for  all  practical  purposes,  to  that 
for  an  infinite  period  of  time.  The  average  annual  damage  can,  therefore, 
be  obtained  b^^  simply  multiplying  the  total  da'mage  by  the  interest  rate 
used  (3.5  percent).  * ' ' 

For  each  g^oup  of  gu.llies  representing  a.  'Selectce  zone  the  damage 
■were  summed  and  divided  by  the  combined  ar:^as  o.f  the  S'^mplos.  The  d'^mages 
per  ijinit  ''re-  thus  derived  was  applied  a.g-''inst  the  total  *'  rea  in  each  of 
the  sampled  zones.  Thia  sum.  of  the  damages  in  these  zones  represents  the 
total  d'^mage  in  Division  3,  as  all  of  the  sampling  zones  in  which -major 
gully  damage  v/as  found  lie  -wi-fchin  this  Division. 

(l)  Includes  both  area  destroyed  and  area  depreciate-d. 
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FIGURE  2 

CURVES  SHOWING  RATE  OF  DEVELOPMENT 
OF  MAJOR  GULLIES 


Note:  ''Area  damaged"  includes  both  area  destroyed  and  area  depreciated 
in  value. 
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l^'pical  trench  type  ma^or  gully*  Debris  from  this  gully  goes 
directly  into  Violf  Creek  drainage  ditch.  View  looking  upstream. 


Same  gully  as  shown  above,  \^iev^  locking  downstream. 


April  21,  194 


Major  gully  showing  destruction  to  roads  and  bridges. 


I 


^ Head  of  naior  gully  in  crop  land. 

-cpnnsd  by  Corfographic  Div'iston,  5 C 5 Region  One 


April  21,  19^1 
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As  the  major  gully  systems  develop,  numerous  bridges  must  be  con- 
structed and  as  the  gullies  are  continually  enlarging,  the  cost  of  main- 
taining these  bridges  is  unusually  large*.  The  cost  of  both  constructing 
and  maintaining  these  bridges  is  an  additional  damage  chargeable  to  the 
major  gullies,  Hoa^ever,  the  difficulty  of  predicting  the  number  of 
bridges  needed  in  the  future ,led  to  abandonment  of  attempts  to  evaluate 
the  average  annual  damage  arising  from  this  source. 

Flood  Damages  in  Zone  5 

Two  kinds  of  damages  were  evaluated  in  the  Missouri  River  alluvial 
olain  (Zone  5) : 

1,  Damage  to  crops  and  pastures  by  flood  floors  exceeding  the 
capacities  of  the  stream  channels  and  drainage  ditches, 

2,  Damage  arising  from  the  filling  of  drainage  ditches  i^rith 
sediment  that  m.ust  be  removed  periodically  at  great  cost. 

The  damages  suffered  on  the  Missouri  River  alluvial  plain  were 
evaluated  by  the  U.  S,  Engineer  Department  in  the  course  of  an  uncompleted 
flood  control  suri^ey  of  the  Little  Sioux  watershed  and  are  subject  to 
modification  in  the  liar  Department’s  final  report.  The  apportionment  of 
sediment  damages  to  upland  sources  was  made  by  the  Department  of  Agricul- 
ture by  procedures  explained  in  Appendix  B,  The  results  of  this  study  of 
sediment  sources  led  to  the  apportionment  shown  by  Table  2, 


Table  2,  Apportionm.ent  of  Damage  to  Drainage  Ditches 


Source  of  Sediment 

Division  A 

Division  B 

Total 

Sheet  and  ordinary  gulljr  erosion 

18,417 

14, 618 

33,035 

J/Iajor  gullies 

— 

9.058 

9.058 

Total 

18,417 

23,676 

42,093 

Unevaluated  Damages 

The  more  important  damages  not  evaluated  in  terms  of  m.oney  are : 

1.  Damage  to  wildlife  ; Dam.age  to  wildlife  along  the  Little  Sioux 
River  where  fisliing  and  hunting  are  important  form.s  of  recreation 
is  unquestionably  high.  The  major  damage  is  due  to  the  loss  of 
fish  and  upland  game  birds  resulting  from  floods  and  insufficient 
cover. 

2,  Interruntion  of  traffic:  Dnis  is  a source  of  considerable  loss. 

The  detouring  of  traffic  around  silt  and  debris  filled  roads  is 
not  uncommon  in  the  late  spring  and  early  surruner  in  the  lower 
section  of  the  watershed. 
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3.  Brid{^e  destruction  by  ma.ior  ;nillies : As  pointed  out  previously, 

the  cost  of  building  and  maintaining  bridges  in  areas  attacked 
by  major  gtilly  systems  is  extremely  liigh. 

.4,  La.nd  destroyed  by  major  trullies : In  discussing  the  da?aagos' 

caused  b3'-  major  gullies  it  was  indicated  that  onl37‘  the  loss  : 
attributable  to  depreciation  in  land  values  was  calculated.  A*n 
additional  loss  will  be  sustained  v;hen  this  depreciated  land  is 
actually  engulfed  by  the  gully  and-  destro^/ed, 

5.  Erosion  damage  aside  from  that  caused  by  major  ,<rullies;  Erosion 
reduces  the  productivity  of  the  soil  and  thus  does  damage  that 
might  be  exnressed  in  monetary  terms.  However,  erosion  also 
destroys  an  irreplacable  natural  resource  and  no  m.onetar3,r -value 
■can  be  placed  unon  this  loss.  For  this  reason  no  attempt  was 
made  to  express  erosion  damage  in  terms  of  money. 

Summary  of  Hama. go s 

All  of  the  damages  on  which  monetar'"  values  wore  placed  are 
summa.ri.zed  in  Table  1.  . . 

Table  1.  STfTiP.RY  OF  DArAGES 

ANNUAL  DAFAGES  DETERIaTNED  BY  SUBWATERS  1 1 EDS 


Subwatorshed 


Little 

Ivlaplc 

I'fest 

Total 

• 

Sioux 

■ Kiver 

Fork 

. ■ 

Damages  in 

Zones  2. 

3 and  4 

Damage  to  crops  and  pastures 
Damage  to  fences  and  highviays 

105,373 

21, 170 

23,i36 

' ’ * 

149,679 

and  railroads 

27, 560 

15,224 

23,427 

66.211 

Subtotal  ' 

215,890 

Damn  ge 

s in  Zone 

Dama.ge  to  crops  and  pastures 

15,583 

].1,481 

54, 849 

81,913 

ANNU/I  DMYGES  DET^^'^KTI-IED  BY  DIVISIONS  ■ 
Division  A’  Division  B 


Damage  to  land  maior  gullies 
Damage  caused  by  filling  of 
drainage  ditches 


18,147 


205.052 


23,676 


Total 
205,052 
42  .,09  3 
544,948 


Grand  Total  Average  Annual  Daiu'^gcs 


-11- 

SECTION  III  - CURRENT  ACTIVITIES  BEL^PTED  TO  FLOOD  CONTROL 


Activities  of  Federal  Agencies 

War  Department 

The  War  Department  has  been  conducting  a detailed  flood  survey  of 
the  Little  Sioux  Watershed.  It  has  made  studies  to  determine  the  feasi- 
bility of  detention  reservoirs,  investigated  the  possibility  of  channel 
improvement  work,  and  studied  the  ‘feasibility  of  a flood— v^ay  on  the 
Missouri  River  Flood  Plain.  These  studies  indicate  that  only  the  last 
has  any  oossibility  of  being  economically  justified.  Due  to  the  serious 
silting  that  exists  at  the  present  time,  it  is  felt  that  great  difficulty 
would  be  encountered  in  maintaining  such  a flood-way. 

Agricultural  Adjustment  Administration 

The  Agricultural  Adjustment  Administration  has  made  payments  to  far- 
mers for  soil  building  practices  throughout  the- watershed. 

Farm  Security  Administration 

The  Farm  Security  Administration  has  been  active  in  the  watershed 
esnecially  in  the  rougher  areas  where,  by  means  of  a considerable  number 
of  farmers  were  assisted  rehabilitation  loans.  This  agency  also  has 
tenant  purchase  clients  scattered  throughout  the  various  counties. 

Civilian  Conservation  Corps 

The  Civilian  Conservation  Corns  operating  under  the  technical  direc- 
tion of  the  Soil  Conservation  Service,  has  been  acti’^'-e.  In  1941  thero 
were  three  CCC  carriDS  located  in  or  near  the  Little  Sioux  Watershed,  At 
that  time  the  camp  at  Cherokee  in  Cherokee  County  had  assisted  53 
farmers  in  establishing  soil  conservation  programs  on  their  fams.  The 
camp  at  Moville  in  Woodbury  County  had  assisted  72  demonstration  farms  and 
the  Camp  at  Moorhead  in  Monona  County,  located  outside  the  watershed,  had 
assisted  100  demonstrat'-on  farms,  some  of  vfhich  a re  in  the  watershed. 

Soil  Conservation -Service 

The  Soil  Conservation  Service  in  cooperation  v/ith  the  Iowa  State 
Extension  Service  has  assisted  9 demonstration  farms  in  the  area.  It 
has  served  in  an  advisory  capacity  to  the  county  agricultural  agents  in 
solving  local  erosion  control  problems.  This  agency  also  affords  techni- 
cal advice  and  service  to  Soil  Conservation  Districts, 

Activities  of  State  Agencies 

Agricultural  Experiment  Station  and  Extension  Service 

The  Iowa  Agricultural  Experiment  Station  and  Extension  Service  have 
been  active  in  the  watershed  mth  experimental  and  educational  work. 

Activities  of  Local  Agencies 

Soil  Conservation  Districts 

Tvro  Soil  Conservation  Districts  have  been  established  in  the  v/'-ter- 
shed.  They  have  undertaken  to  help  farmers  install  Soil  Conservation  measures 
Drainage  Districts 

There  a.rp  eight  major  drain^'^ge  districts  in  the  Missouri  River  Allu- 
vial ^lain  area  (Zone  5).  . Ln  addition  to  the  8 ma.jor  districts  there  are 
30  minor  districts  maintaining  lateral  ditches,- • 
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SECTION  IV  - TFS  PROPOSED  ~REI^.DI.AL  PROQRAH 

General 


/•iter  a thorough  study  of  the  flood  problems  of  the  watershed  and 
of  the  Dossible  vrays  of  reducing  run-off  and  erosion  by  treatment  of  the 
land^  the  follovd.ng  remedial  orograms  v/ere  designed  and  their  effects  on 
flood  damages  evaluated:  - 

A farmland  treatm.ent  program  under  which  the 
Federal  government  ivill  provide  the  farmers 
ivith  plans  for  using  their  lands  in  such  a 
way  as  to  minimize  runoff  and  erosion  and  mil 
also  assist,  them  in  installing  sunplem.entary 
measures  on  the  m.ore  vulnerable,  of  the  3.ands 
to  remain  in  intensive  use, 

FOR  DWISION  B.  - Farmland  treatment  similar  to  that  nronosed  ■ 

(Zones  3 snd  4)-  for  Division  A in  combination  idth  a.  publicly 

financed  orogram  for  the  control  of  gul_lies 
so'  large  that  they  cannot  be  checked  by  indi- 
vidual orivate  action. 

As  the  measures  required  for  faimland  treatment  are;  similar 
throughout  the  area  a single  descrintion  will  suffice  for  both  Divisions, 
It  is  to  be  understood,  however, ' that  more  intensive  farmland  treatment 
is  requm^ed  in  Division  3 and  thus  the  cost  per  unit  of  area  is  higher 
in  that  Division,  The  ma.ior  gully  control  phase  of  the  nrogram  for 
Division  3 is  senarately  described, 

Farmland  Trer^tment 

The  plan  for  farmland  treatment  vras  designed  to  reduce  flood,  runoff 
and  erosion,  and  at  the  same  time,  increase  farm  incom.es;  for  unless 
fanners  are  substanti.'^lly  benefited  they  c'^.nnot  be  expected  to  coooerate 
in  th&  installation  and  maintenance  of  the  urogram. 

In  designing  the  farmland  treatment  157  representative  farms  were 
carefully  selected  in  nine  areas  of  fairly  homogeneous  character  - 
called  ’’major  physical  delineations”  in  this  report  - and  a plan  v^ras 
developed  for  the  orooer  operation  of  each  of  these  f^.nns;  taking  accoujit 
of  its  indivj.dual  capabilities  and  needs,.  The  effect  of  the  prooosed  ol'^n 
upon  the  income  of  e'^.ch  fanner  vAas  determined  to  check  its  oracticability 
'^nd  the  chances  of  its  being  adopted  and  adhered  to  for  an  indefinite 
oeriod  in  the  future.  Details  of  the  farm,  olanning  technique  "re  given 
in  Ax)Dcndix  C and  the  methods  used  in  determining  the  benefit  to  the 
farmer  are  discussed  in  Auoendix  E, 

The  urooosed  farmland  treatment  will  reduce  flood  runoff  and  erosion 
by  increasing  both  the  amount  of  storm  rainfall  t"ken  into  the  soils  and 
the  deuth  of  water  that  c"n  be  temoorarily  stored  on  the  l"nd  surfaces. 
These  effects  vrill  be  oroduced  by: 


FOR  DIVISION  A - 
(Zone  2) 
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1,  Increasing  the  area  devoted  to  protective  vegetation  such 
as  nasture,  grasses,  woods  and  hay,  mth  a consequent  de- 
crease in  the  acreage  of  clean— tilled  crops. 

2,  Improving  the  quality  of  the  vegetal  covers  to  increase 
infiltration  and  decrease  erosion. 

3,  ianimizing  the  runoff  and  erosion  from  lands  remaining 
in  cultivation  by  use  of  ifeupplementary  measures  such  as 
terracing,  contour  cultivation  and  soil  improvement. 

Much  of  the  increase  in  protective  cover-mil  be  brought  about  by 
the  use  of  crop  rotations  under  which  the  land  will  be  occupied  by  close- 
growing  covers  a greater  percentage  of  the  time.  The  rotations  contem- 
plated vary  from  a "corn-corn-oats  meadow”  sequence  for  the  gently  slopes 
of  Zone  2,  to  a rotation  of  ”com— oats-four  years  of  meadow”  for  the 
steeper  la.nds  of  Zone  4*  A further  decrease  in  the  acreage  of  clean 
tilled  crops  will  be  obtained  by  placing  permanent  protective  covers  on 
slopes  too  steep  for  any  form  of  cultivation,  using  them  for  pastures  or 
woodlots,-  During  the  dormant  seasons  the  area  in  close-gromng  vegetation 
will  be  increased  by  the  use  of  mnter  cover  crops. 

The  program  will  improve  the  quality  of  the  protective  covers  through: 
The  renovation  and  proper  management  of  pastures;  the  improvement  of  wood- 
lots  by  planting,  management  and  protection  against  grazing;  and  the  im- 
provement of  close  grovring  crops  through  the  increase  in  fertility  brought 
about  by  prooer  rotations.  Supplementary  m.easurcs  for  imnroving  and  pre- 
serving the  quality  of  cover  on  land  nermanently  devoled  to  grass  or  trees 
will  include  contour  furromng,  gully  control  and  wateiovay  protection. 

The  supplementary  measures  used  to  minimize  the  runoff  and  erosion 
from  the  lands  to  remain  in  cultivation  will  include:  Contour  cultiva- 

tion, terracing,  waterway  protection,  gull3^  control,  proper  use  of  crop 
residues  and  the  institution  of  improved  management  practices. 

Detailed  descriptions  of  the  measures  mentioned  above  mil  be  found 
in  Appendix  G, 

Quantities  of  Farmla  nd  Treatment 

Reference  to  .Figure  1 mil  shoiY  that  the  northern  boundary  of  Zone 
2 roughly  follows  the  south  and  west  borders  of  Clay  County  and  the 
south  boundary  of  Osceola  County,  To  simplify  administration  of  the 
program  these  county  lines  vfill  be  used  to  designate  the  upper  boundary 
of  the  area  to  be  treated.  However,  much  of  Zone  1 'Occurring  s^^uth  of  these 
county  lines  is  land  classified  in  the  tables  as  not  requiring  treatment,^ 

Table  3 shoii,’’s  the  areas  of  Divisions  A and  B now  devoted  to  various 
uses  and  the  areas  tha.t  would  be  used  for  these  same  purnoscs  if  all  of 
the  farmers  coooera  ted  in  the  proposed  farmland  treatment  scheme.  The 
increases  in  the  areas  of  protective  covers  are  apparent  and  it  is 
largely  to  these  changes  that  the  program  owes  its  effectiveness  in  re- 
ducing runoff  and  erosion,- 
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Table  3.  I..AND  ttsE  PRESENT  ’HTH  F.mi>PW  TRb.^TM:NT 
Assujning  all  Farmers  Pa~>"ticipating  in  Pror<ram 


Division  A 

Division  B 

Total 

Land  Use 

Present 

Vlith 

Program 

Present 

¥ith 

Program 

Present 

'-'i.th 

Program 

Clean  Tilled 

298,032 

227,365 

226,731 

118,736 

524,758 

346,098 

Small  Grain 

215,970 

119,192 

165,214 

66, 748 

381,185 

185,941 

Rotation-Hay  <§c  Pasture 

59,705 

229,767 

74,462 

163,728 

134,164 

393,496 

Permanent  Hay 

24,718 

23,949 

15,494 

75,210 

40,213 

99,159 

^00 r Tame  Pasture 

45,  543 

2,729 

49,645 

1,922 

95,189 

4,651 

Good  Tame  Pasture 

61,165 

106,268 

20,347 

133,654 

81, 513 

239,924 

Poor  Native  Pasture 

1,863 

0 

10,306 

0 

12,171 

0 

Fair  Native  Pasture 

5 

5 

3,398 

6,890 

■ 3,404 

6,896 

Good  Native  Pasture 

0 

0 

1,835 

7,923 

1,835 

7,923 

Grazed  V/oodland 

7,076 

1,302 

20,453 

3,968 

27, 529 

5,351 

Protected  'Toodland 

0 

e,  605 

0 

27,533 

0 

36,141 

Unoroductive  Woodland 

0 

0 

685 

701 

685 

701 

Idle  Land. 

4, 580 

0 

17, 534 

0 

22,165 

0 

Farmsteads 

21,674 

21,069 

16,162 

15,298 

37,337 

36,367 

Roads 

18.453 

18.453 

15.316 

15.316 

33,768 

,33.768 

Total  Area  to  be 
Treated 

758,784 

758,734 

637,632 

637,632 

1396416 

1396416 

Area  not  Requiring 
Treatment 

195.13,6 

195.136 

149,312 

149.312 

344 « 

344 » 448 

Grand  Total  Area 

954,10.0 

954,100 

786,944 

786,944 

1,740864 

1740864 
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The  quantities  of  supolementary  practices  required  to  nermit  the 
recommended  uses  of  tlie  waterhsed  lands  vrithout  continued  deterioration 
are  shown  in  Table  4.  These  quantities,  like  those  of  Table  3,  are  for 
100  nercent  treatment  of  the  areas  included  in  Divisions  A and  B, 

Table  4 

QUANTITIES 'OF  SU^LEMENTARY  SOIL  CONSERVATION  PRACTICES 


Assuming  all 'Farmers  Participating  in  Program 


Supplementary 

Practice 

Unit 

Division  A 

Division  3 

. Total 

Terracing 

Acre 

82,495 

85,342 

167, 837 

Contour  Cultivation 

■ Acre 

348,358 

212,228 

560,586 

Contour  Furrowing 

A.cre 

476 

13,500 

13,976 

Tree  Planting  (Gully) 

Acre 

1,087 

6,226 

7,313 

Tree  Planting  (Other) 

Acre 

1,866 

5,289 

7,155 

Gully  Control  (Minor) 

Acre 

11,194 

8,713 

19,907 

Gully  Control  (Medium) 

Acre 

486 

1,001 

1,487 

Gully  Control  (Large) 

Acre 

119 

419 

538 

Fence  to  be  built 

Rod 

343,036 

827,909 

1,170,945 

Sloping  and  Sodding 

Acre 

57 

218 

275 

Diversion  Dj^kes 

Feet 

112,667 

306, 683 

419,350 

Channel  Straightening 

Feet 

422 

19,183 

19,605 

Streambank  Protection 

Feet 

42 

7,046 

7,088 

Earth  Dyke 

Each 

• 15 

f 

179 

194 

Cost  of  Farmland  Treatment. 

The  oost  of  the  farmland  treatment  is  m.ade  up  of ; 

1,  The  cost  of  planning. 

2,  The  cost  of  installing  supplem.entary  measures, 

3,  The  cost  of  maintenance,. 

An  estimate  of  the  cost  of  detailed  planning  was  obtained  by  analyzing 
the  cosl^  accounts  of  the  Soil  Conservation  Service  for  work  in  this  and 
similar  areas.  It  was  concluded  that  planning  costs  would  average  $1,3S 
per  acre  in  Division  A and  fe.93  in  Division  B,  The  entire  cost  of  this 
planning  must  be  contributed  by  the  Federal  government. 

Average  unit  costs  for  the  installation  of  supplementary  measures 
were  also  derived  from  Soil  Conservation  Service  cost  accounts,.  These 
unit  costs  were  applied  against  the  quantities  of  Table  4 to  obtain  the 
costs  sho^m  in  Table  5-.  This  table  shows  the  contribution  of  Federal 
funds  required  to  insure  the  installation  of  the  measures,  as  vfell  as 
the  amounts  the  farmers  vrould  be  expected  to  contribute. 

The  cost  of  maintaining  the  farmland  treatment  program  for  any  farm 
is  the  increase  in  the  cost  of  operating  the  farm  mth  the  program  in  effect. 
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This • increase  was  calculated  for  each' of  the  sample  farms  and  the  data  so 
derived  were  used  to  establish  an  average  maintenance  cost  oer  unit  of 
area  for_ each  of  the  major  physical  delineations.  These  costs  weve^  in 
turn^  emnloyed  to  estimate  the  maintenance  costs  for  tb.e  entire  areas  of 
Divisions  A and  B. 


The  estimates  of  average  annual  costs  developed  in  the  manner  above 
described  are  shoi'm  in  Table  6 for  the  whole  of  Divisions  A and  B.  These 
would  be  the  costs  if  all  of  the  farmers  participated  in  the  program.  As 
will  be  brought  out  subsequently  it  is  anticipated  that  only  70  percent  of 
the  farmers  vrill  coonerate  and  the  final  cost  estimates  used  in  ev?^luat:on 
v/ere  scaled  down  to  this  degree  of  participation. 


Table  5. 


,c!osts  of  su??lem:ntary  practices 

A-ssuming  All  Farmers  Participating  in  Program 


• • 

: Division  A 

: Division  B 

: Total 

Farmer  Costs 

Terracing 

Contour  furrovdng  , . 

Gully  control 
Fence  to  be  built 
Tree  planting 

$ 494,970 
952 
29,552 
148,945 
25.191  . 

$ 512,052 

27,000 
69,704 
' 359,474 
, 71.-402 

3 1,007,022 
27,952' 
159,256 
508, 419 
96.593 

Total  Farmer  Costs 

759,610 

1,039,632 

1,799,242 

Federal  Costs  . . 

Gully  bontrol 
Sloping  and  sodding  . . 
Diversion  dykes 
Channel  straightening 
Streambank  Brotection 
Earth  dyke 
Fence^  to  be  built 
Tree  planting  (Gully) 
Tree  planting  (Other) 

24,050 

5,130 

5,633 

101 

• 42  • 

105  ■ 
22,573 

. . 19, S70  ■ 

S,920 

• 66,925 
19,620 
15,334 

4, 604 
7,046 
1,253 
54,481 

• 113,  312 

. 25.281 

90,975 
24,750. 
20,967 
4,705 
7,088 
1,358 
' 77,054 
133,682 
34,201 

Total  Federal  Costs 

86.424 

308.356 

394.780 

Total  Farmer  and 
Federal  Costs 

• 846,034 

$ 1,347,988 

2,194,022 

Table  6 

AVERA.GE  COST  OF  INSTALLING  AND  MAINTAINING 

FARJilLAND  TREATI»;iENT 

Assuming  All  Farmers  Particinating  in  Program 


Federal 

Contribution 

: Other  : 

Public  : Farmer 

:Contribution:Contri button 

Total 

DIl/ISION  A 

"Planning  and  Superidsion 

36,649 

36,649 

Installation  (Supplemen- 
tal Measures) 

3,025 

'26, 5B6 

29,611 

Maintenance  ' ’ 

— 

— 

815.267 

813.267 

Total 

39,674  ' 

- 

S41, 853 

881,527 

DIVISION  B 

-Planning  and  Supervision 

43,072 

43,072 

Installation  (Supplemen- 
tal Measures) 

10,793 

_ 

36,387 

47,180 

Maintenance 

754.367 

754.367 

Total 

53, 865 

— 

790,754 

844,619 

GRAW  TOTAL 

93,539 

- 

1,632,607 

1,726,146 

The  Major  Gully  Control  Program 

A majbr  gully,  as  the  term  is  used  in  this  report,  is  one  that 
cannot  be  checked  by  action  of  the  individual  landowners  and  can  only  be 
controlled ‘under  a publicly  financed  program.  The  structures  required 
to  stop  the  devastation  of  farm  lands  by  such  gullies  are'  large  and  ex- 
pensive. A study  of  29  sample  gullied  drainage  areas  led  to  the  con- 
clusion that,  in  general,  the  most  economical  control  could  be  obtained 
by  the  installation  of  large  earth  dams  at  strategic  points  in  the  main 
gullies  and  the  construction  of  mumerous  flumes  and  other  conveving 
devices  for  lowering  the  water  into  the  gully  system  without  producing 
additional  cutting.  About  half  of  the  dams  could  replace  bridges  now 
being  maintained  over  the  gullies  at  great  cost. 

Quantities 


The  study  of  the  29  representative  gully  systems  led  to  the  following 
estimate  of  the  number  of  structures  required  to  control  the  major  gullies. 


Table  7 


MJlCSER  OF  STRUCTURES  REQUIRED  TO 
COi^ITROL  MAJOR  GULXIES 


Dams  on  main  gullies  371 
Dams  on  lateral  gullies  73 
Structures  for  conveying  water  into  gullies  447 


Total  number  of  structures  \J  891 


Cost  of  Major  Gully  ^Jork 

The  cost  of  installing  the  maior  gully  control  urogram  was 
determ'ined  by:  (a)  Esti'i'ating  the  cost  of  the  structi^res  required  on 
the  samule . gullied  watersheds j (b)  determining  the  cost  ner  unit  of 
area  for  the  zones  reoresented  by  these  sa.moles_,  and|  (c)  anplying  these 
unit  costs  against  the  total  areas  of  th.e  srmuling  zones,  in  esti'^^ating 
the  cost  oT  the  larger  structures  average  unit  costs  •'’''■ere  arn^lied  against 
the  quantities  of  material,  excavation  and  fill  required.  The  cost  of 
the  smaller  structures  was  estimated  by  annlying  an  average  cost  ner 
structure  against  the  number  of  structures  required,  llie  unit  costs 
used  ■'vere  derived  from  an  analysis  of  cost  accounts  for  similar  tyres  of 
work  ei.se'’'rhere . 

The  cost  of  maintenance  nrovides  for  inspection^  repair  and  re- 
placem.ent  of  structures  expected  to  fail  under  unusual  conditions.  It 
is  sufficient^  therefore^  to  maintain  the  program  in  perpetuity. 

ilie  esti-'^ated  costs  of  the  major  gully  program  are  summarized  in 
Table  8. 


\J  ^11  of  these  structures  to  be  constructed  in  Division  B.  The 
number  of  structures  required  were  estimated  by  det'^mimning 
quantities  required  per-unit  area  of  sample  s and;,  multiplying 
by  areas  of  zones  represented  by  'tlTese,  sami^les . : 


Table  8 


COST  ESTBl^TES 
MJOR  GULLY  CONTROL 

Installation  Costs 


Item 


Dams  on  main  gullies 
Dams  on  lateral  gullies 
Structures  for  conveying. water 

Plus  15^  for  contingencies^ 
Total  Installation  Cost 
Average  Annual  Installation 


Number  of"  Cost  of 

Structures  Installation 


(Dollars) 

371 

1,960,337  1/ 

73 

173,156 

447 

281.430 

2,414,923 

etc. 

362.239 

2,777,162 

Cost 

97,200 

Maintenance  Costs  2/ 
(Average  Annual) 


Inspection  ' 2^600 
Reoair  6,200 
Renlacem-ent  11.200 


Total  A.verage  Annual  Maintenance  20,000 


\J  The  cost  of  earth  fills  for  these  dams  amounts  to  $736,821. 
Half  of  this  cost,  or  $368,410,  is  to  be  contributed  by  local 
oublic  agency  or  agencies. 

7j  Costs  of  ooeration,  reoair  and  reolacement  to  be  contrib^^ted 
by  local  public  agency  or  agencies. 
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Sin'g^.ARY  OF  COSTvS  FOR  70  PERCENT  PARTICIPATION 


The  estimates  given  in  the  foregoing  represent  the  cost  of  instal- 
ling a orogram  on  all  farms  requiring  treatment  in  Divisions  A and  B, 

It  is  exoected  that  only  70  percent  of  the  farmers  will  coooerate  in  the 
farmland  treatment  phase  of  the  progr'am  but  that  the  entire  ma.ior  gully 
control  program  will  be  installed.  The  average  annual  costs  of  this  pro 
gram  are  shown  in  Table  9. 

Table  9 . COSTS  OF  INSTALMTION  AND  FAINTEN/MCE 


J^or  Farmland  Treatment  on  70  Percent  of  Area 
And  Complete  Treatment  of  lia.ior  Gullies. 
^\d5RAGF  nmVPL  COSTS 


ViTatershed  Division  Federal  Other  Public  Farmer 

Total 

Installation  and  Maintenance 

DIVISION  A 


Farmland  Treatment 
DIVISION  B 
Farmland  Treatm.ent 
Major  GullyControl 

. 27,772 

37,705 

34,306 

32,894... 

589,297 

553,528 

617, 069 

591,233 

117.200 

Totals  lor  Division  B, 

122,011 

32,894 

553,523 

708,433 

Total  /verage  .^nnual  Costs  149,783 

32,894 

1,142,825 

1,325,502 

T0T''L  INST/LIYTION  COSTS 

DIVISION  A 



Farmland  Treatment 

793,482 

— 

531,727 

1,325,209 

DIVISION  B 

Farmland  Treatment 

1,077,290 

— 

■ 727, 742 

1,805,032 

Major  Gully  Control 

2.408.752 

368. 410 

— 

2.777.162 

Total  for  Divisions. 

3,486,0/p2 

367,410 

. 727,742 

4,532,194 

Total  Installation  Costs 

4,279,5-24 

368g,10 

1,259,469 

5,907,403 

AVERAGE  ANNUAL  lAINTENANCE  COSTS 

DIVISION  A 

Farmland  Treatment 

— 

— 

570, 687 

570, 637 

DI^/ISION  3 

Farmland  Treatment 

- 

- 

528, 057 

523,  r;)57 

I'^ajor  Gully  Control 

— 

20.000 

— 

20,000 

Total  for  Divisions 

- 

20, 000 

528, 057 

548,057 

Total  Average  Annual  Main- 

tenance  Costs 

20, 000 

1,098,74/ 

1,113, 744 
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SECTION  V - PHYSICAL  EFFECTS  OF  THE  ’^WORPM 

To  determine  the  monetary  benefits  oroduced  by  the  nronosed  remedial 
m.easures  it  is  necessary  to  know  the  physical  effect  they  stjll  have 
uoon:  (a)  flood  runoff;  (b)  the  area  and  duration  of  inundation;  (c) 

erosion  from  the  land^  and;  (d)  the  nroductivity  of  the  land.  The 
methods  used  in  estimating  these  effects  are  briefly  described  in  the 
following  and  more  ful3.y  treated  in  Annendix  D,  The  conversion  of  the 
nhysica.l  effects  to  monetary  benefits  is  explained  in  Section  VT* 

Effect  on  Flood  Run-off 

The  effect  of  farmland  treatment  upon  flood  run-off  was  determined 
by  calculating  the  amount  of  storm  rainfall  that  would  be  infiltrated 
into  the  soil  with  the  land  it  its  present  condition  and  the  infiltration 
that  Y^rould  occur  after  installation  of  the  remedial  program.  The  in- 
crease in  infiltration  is  the  reduction  in  surface  flood  run-off.’  More- 
over, since  the  soil  mantle  of  this  watershed  is  of  great  depth  and  has 
practically  unlimited  storage  capacity,  the  effect  of  subsurface  run- 
off upon  flood  flows  can  be  neglected  and  the  reduction  in  surface  runoff 
can  be  taken  as  the  reduction  in  flood  runoff. 

To  determine  the  effect  of  the  remedial  treatment  unon  infiltration 
representative  sites  were  selected  in  each  of  the  more  im.nortant  com- 
plexes of  soil,  cover  and  condition  or  cultural  practice  existing  in  the 
watershed.  Artificial  rainfall  was  then  aoplied  to  small  plots  established 
at  these  sites . By  measuring  the  rate  of  aoplication;  of  rainfall  to  these 
plots,  and  the  rates  of  run-off  from  them,  the  rates  of  infiltration  v/ere 
determined  and  infiltration  curves  derived.  For  selected  storms  these 
curves  were  used  to  calculate  the  total  amount  of  infiltration  and  run- 
off for  each  complex.  This  made  it  possible  to  commute  the  total  volume 
of  run-off  from  any  watershed  by  simply  multiplying  the  areas  of  the 
complexes  present,  or  anticimated  under  the  program,  by  the  run^off  from 
these  com.plexes.  The  difference  betT^en  the  calculated  run-off  with  and 
without  the  nrogram  in  effect  represents  the  reduction n flood  volume. 

To  convert  the  reduction  in  f]-ood  volume  to  reductions  in  peak 
discharge  a curve  showing  the  average  relation  betyreen  flood  volume  and 
peak  flow  was  developed  for  each  watershed  used  in  evaluation. . By  use 
of  these  curves  the  flood  volumes  for ‘conditions  both  i”dthout  and  with  a 
program  were  converted  to  peak  flood  discharges. 

As  mentioned  in  Section  II  it  wss  found  possible  to  develop  an 
evaluation  series  for  both  the  Little  Sioux  and  Maple  rivers  from  stream 
gaging  records.  For  these  streams  thor'jforo  it  was  decided  to  develop 
only  the  average  reductions  in  flood  discharges  and  to  apply  those  average 
reductions  against  each  flood  in  the  present  evaluation  flood  series  to 
obtain  an  evaluation  series  for  conditions  with  a program.  The  average 
flood  reductions  were  obtained  by  calculating  the  reduction  in  the  floods 
that  would  be  caused  b^  six  derived  storms  of  average  characteristics. 

The  intensity  of  rainfall  in  these  six  storms  followed  an  average  pattern 
developed  from  a study  of  the  Sioux  City,  Iowa,  recording  rain  g'^ge  records. 


For  each  storm  the  surface  run-off  was  calculated  for  conditions  both  with- 
out and  with  a urogram.  These  calculations  were  m.ade  for  all  nortions  of 
the  watershed  contributing  to  the  stream  reaches  used  in  calculating 
flood  dam.age.  Curves  sho^'^'lng  the  reduction  in  oeak  flow  at  the  lower 
end  of  each  reach  were  then  constructed  and  used  in  the  derivation  of  the 
evaluation  series  for  treated  conditions. 

^s  gaging  records  v^ere  not  available  for  use  in  developing  an  evalu- 
ation series  for  the.  smaller  subwatersheds  the  infiltration, curves  were 
used  to  comnute  series  of  floods  that  might  be  expected  on  these  water- 
sheds without  and  with  the  orogram  in  effect.  This  was  accom.olished  by 
assuming  that  all  of  the  rains  recorded  by  the  Sioux  City,  Iowa,  automatic 
gage  during  a 16  year  period  of  norm.al  rainfall  characteristics,  could 
have  occurred  at  some  central  point  in  the  West  Fork  (proper)  and  Elliott 
Creek  vfatersheds.  T^q  intensities  during  each  large  storm  in  this  period 
were  determined  by  five  minute  periods  and  used  in  conjunction  rlth  the 
infiltration  curves  to  calculate  surface  run-off.  The  total  run-off  for 
each  storm  was  determined  by  methods  similar  to  those  employed  in  deriving 
the’  run-off  for  the  six  average  storms  used  for  the  Little  Sioux  and 
Maple  Rivers . 

To  illustrate  the. magnitude  of  the  flood  reductions  calculated  by 
the  foregoing  procedure  the  curves  of  Figure  3 have  been  prepared.  These 
curves  show  the  ocrccntage  reduction  in  peak  discharge  af.the  points  where 
the  streams  discharge  upon  the  Missouri  River  alluvial  olain.  The  curves 
for  the  Little  Sioux  and  Maple  rivers  are  those  develooed  fpr  the  six 
average  storms.  The  curves  for  the  West  Fork  and  Elliott  .Creek  represent 
the  approximate  averages  of  the  reductions  for  the  37. 'individual  floods 
in  the  evaluation  series  for  these  watersheds.  .. 

Detailed  explanations  of  the  methods  used  in  calculating  the  flood 
run-off  will  be  found  in  Apoendix  D.  ' 

Effect  on  Area  and  Duration  of  Inundation 

The  effect  of  the  proposed  remedial  treatment  uoon  the  area  inundated 
by  any  flood  v/a.s  obtained  by  hydraulic  calculations.  Using  the  results  of 
these  calculations,  curves  shov;jng  the  area  inundated  in  each  damage  reach 
were  derived  (see  Appendix  D).  These  curves  vrere  used  in  develoning  the 
"dam.age -flood  magnitude"  curves  mentioned  in  Section  II  and  shovni  in 
Apoendix  B.  They  were  also  used  in  determining  the  percentage  reduction 
in  area  inundated  by  yhich  the  fence,  highway  and  railroad  damages  were 
multiplied  to  estimate  the  benefits  derived  through  reducing  these  dama.ges. 
The  Areas  inundated  by  each  flood  in  both  the  present  and  future  evalua- 
tion series  are  shovm  in  Appendix  D.  The  percentage  reductions  in  the 
sums  of  the.  areas  inundated  are  given  in  Table. 10, 

Estima.tes  of  the  time  that  flood  waters  remained  on  various  parts 
of  the  flood  plain-  were  required  in  deriving  the  damage-flood  magnitude 
curves.  These  were  made  by  use  of  hydrographs  of  average  shape,  which 
vrere  in  turn  emioloyed  to  construct  special  diagrams  (see  .Appendix  D) 
showing  the  duration  of  inundation  at  key  points  along  the  stream.  Esti- 
mates of  reductions  in  duration  of  inundation  were  not  required  for  indi- 
vidual floods  because  they  are  reflected  in  the  dama.ge-flood  magnitude  curve 
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FIGURE  3 

AVERAGE  FLOOD  REDUCTIONS 
THAT  WOULD  RESULT  FROM  THE  INSTALLATION 
OF  THE  PROPOSED  PROGRAM  ON  ALL  FARMS 

Shown  For  Illustrative  Purposes  Only 


Note:  Reductions  are  for  points  at  which  streams  enter  the  Missauri 
River  alluvial  plain. 
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Table  10 
Stream 

EFFECT  OF  FARMLAND  TREATMENT  PROGRAM 
IN  REDUCING  AREAS  INUNDATED  1/ 

Percentage 

Reduction 

Sum  of  Areas  Inundated  by  2/ 
All  Floods  in  Evaluation  Series 

Without 

With 

Treatment 

Treatment 

Acres 

Acres 

2/ 

Little  Sioux 

312,421 

.281,962 

9.75 

Maple 

116,915 

73,196 

37.5' 

West  Fork 

50,355 

38,028 

24.5 

Elliott 

11, 622 

8,527 

26.5 

Effects  on  Erosion 

The  effect  of  farmland  treatment  upon  erosion  from  the  land  surfaces 
was  determined  by  assigning  to  each  cover  and  treatment  a relative 
erosion  factor  based  upon  research  data  secured  at  Soil  Conservation 
Experiment  Stations  and  upon  the  survey  of  erosion  in  this  watershed. 
These  factors  were  used  to  weight  the  area  under  each  cover  and  treat- 
ment, in  each  of  the  major  physical  delineations,  with  and  without  the 
farmland  treatment  orogram  in  effect.  Having  estimates  of  the  erosion 
for  both  present  and  treated  conditions  by  delineations,  it  was  possible 
to  calculate  the  erosion  for  the  whole  of  Divisions  A and  B and  from 
these  results  the  oercentage  reduction  by  Divisions,  These  reductions 
are  shown  in  Table  11. 

In  evaluating  the  benefits  accruing  from  the  control  of  the  major 
gullies  it  was  assumed  that  after  they  are  treated  they  will  discharge 
only  10  percent  as  much  material  as  they  now  contribute  to  the  streams. 

Table  11,  EFFECT  OF  FARMLAND  TREATIi^ENT  UPON  EROSION  1/ 

Divisi on  Reduction  in  Erosion  - Percent 


A 49.6 

B 65*2 

1/  This  table  shows  the  effect  of  farmland  treatment  upon  all  erosion 
except  that  attributable  to  the  major  gullies.- 


1/  Effect  of  treatment  assuming  all  farms  cooperating.  In  calculating 
benefits  these  reductions  were  multiplied  by  .70  to  approximate 
reduction  for  70  percent  participation. 

2/  Does  not  include  inundation  in  Missouri  River  alluvial  plain, 

2/  For  that  part  of  Little  Sioux  in  Zones  2,  3 and  4. 
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Effect  on  the  Productivity  of  the  Land 

To  make  possible  an  evaluation  of-  the on-site”  benefits,  or  benefits 
accruing  to  the  lanc1o''TOers,  it  was  necessary  to  dejtermine  the  effect  of  ' 
the  farmland  treatmient  nrogram  uoon  the’  yields  of  crops,  pastures  and 
v/oodlots  throughout  the  area  surveyed.  The  methods  used  in  arriving  at 
these  estim.ates  are  explained  in  Appendix  D and  the  estimates  themselves 
are  there  presented  in -some  detail.  In  general  it  was  found  that  in  30 
years  the  remedial  program  will  increase  corn  yields  about  40  percent  over 
those  now  obtained,  but  that  if  present  methods,  of  farming  are  continued 
yields  will  have  decreased  sbout  20  percent  at  the  end  of  the  30-3?‘ear 
period,  'In  the  same  period- pasture  jaelds  would  be  roughlj^  doubled  un^cr 
the  program  v-rhile  vdth  continuation  of  present- practices  a reduction  of 
about  10  percent  can  be  expected.  Effects  intermediate  between  those  for 
corn  and  pasture  were  found  for  oats  and  hay.  The  specific  yield  in- 
creases found  for  each  physical  delineation  were  used  in  developing  farm 
budgets  for  the  sample  farms  used  in  the  program  design  and  in  this  way 
the  on-site  monetary  benefits  of  . Section  VI  were  estim.ated. 
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SECTION  VI  - BENEFITS  OF  THE  PROGRAM 


Calculation  of  Benefits 

Benefits  on  the  Missouri  River  alluvial  plain  (Zone  5)  were 
evaluated  separately  from  those  in  the  remainder  of  the  surveyed  area 
(Zones  2,  3 and  4)*  In  the  latter  area  the  items  of  benefit  evaluated 
were : 

1.  Benefits  derived  by  reducing  damages  to  crops  and  pastures. 

2,  Benefits  derived  by  reducing  damages  to  fences,  highv;ays 
and  railroads. 

3*  Benefits  derived  by  reduction  in  damage  to  land  by  gullies. 

The  evaluated  benefits  for  the  Missouri  River  alluvial  plain  were : 

1.  Benefits  derived  by  reducing  damages  to  crops  and  oastures. 

2,  Benefits  derived  by  reducing  rate  of  filling  of  drainage  ditches. 

An  estimate  was  also  made  of  the  on-site  benefits*  that  is,  the 
benefits  accruing  to  the  landowners.  The  methods  used  in  evaluating 
each  of  these  types  of  benefit  are  briefly  described  below.  A more 
detailed  discussion  will  be  found  in  Appendix  E. 

Benefits  From  Reducing  Crop  and  Pasture  Damages  in  Zones  2.  3 and  4 

By  the  procedures  described  in  Section  V the  floods  in  the  evalua- 
tion series  for  present  conditions  were  converted  to  floods  that  would 
be  experienced  after  the  proposed  program  became  effective.  The  damage 
that  would  be  caused  by  each  flood  in  these  m.odified  series  was  then  cal- 
culated and  the  average  annual  damages  for  conditions  with  ,a  program 
determined.  The  differences  between  the  present  and  future  average  annual 
damages  thus  derived  were  taken  as  the  average  annual  benefits.  These 
benefits  are  derived -in  Appendix  E for  a program  in  which  all  of  the  far- 
mers would  participate.  To  obtain  the  benefits  for  the  anticipated  70 
percent  participation  these  benefits  were  simply  multiplied  by  0,7* 

Benefits  from  Reducing  Fence.  Highway  and  Railroad  Damage  in  Zones  2,  3 & 4» 

The  average  annual  benefits  derived  by  reducing  damages  to  fences, 
highways  and  railroads  were  estimated  by  applying  the  percentage  reduc- 
tions in  the  sums  of  the  areas  inundated  against  the  damages  shoivn  in 
Section  II.  These  reductions  in  area  inundated  are  sho^'m  by  Table  10, 

The  benefits  for  the  main  stems  were  derived  by  applying  the  actual  per- 
centage reduction  calculated  for  each  subv/atershed  main  stem.  For  minor 
tributaries  it  was  assumed  that  the  reduction  in  area  would  be  the  same 
as  for  Elliott  Creek  - the  smallest  of  the  streams  for  T’>jhich  a calculation 
was  made  - and  the  26.5  percent  reduction  for  this  stream  was  applied 
against  all  minor  stream  damages.  In  the  case  of  crop  and  pasture  damages, 
the  benefits  thus  derived  were  reduced  by  30  percent  for  the  expected  70 
percent  participa.tion. 


Donefita  From  Controlling  ^^.ior  Gullies  , 

Tho  ma.ior  gully  control  works  were  designed  to  complote!|y  halt  the  j 
progreaa  of  thoao  gulHoa.  However,  to  insure  conservative  estimates  it  i 
was  asouined  that  the  benefits  would  only  be  90  percent  of  the  land  damages  fc 
given  in  Section  TI.  Attention  should  again  be  called  to  the  fact  that  r 

only  the  losses  attributable  to  land  depreciation  viere  included  in  these  ! 

damages  and  that  tho  large ’ additional  damages  that  would  come  about  through  ; 
complete  destruction  of  the  depreciated  land  and  through  the  necessity  of  ! 
building  and  maintaining  numerous  bridges,  were  not  counted  among  the 
monetary  benefits. 

Benefits  From  Reducing  Crop  and  Pasture  Damapre  in -Zone  5 ► ‘ 

The  reduction  in  crop  and  pasture  damages  on  the  Missouri  River 
alluvial  plain  were  estimated  by  applying  to  the  damages  now  experienced 
the  relative  reduction  in  tho  number  of  floods  that  would  exceed  the  i 

capacities  of  the  ditches  after  tho  remedial  program  is  put  into  effect,  | 

These  benefits  are  calculated  in  Appendix  E for  a program  in  ivliich  all  j 

farmers  would  participate.*  Assuming  that  only  70  percent- of  the  farmers  ■ 

would  actually  enter  the  program  the  benefits  so  determined  wore  arbi- 
trarily reduced  by  30  percent. 

Benefits  From  Reducing  Rato  of  Ditch  Filling  - ■ . • 


/'s  explained  in  Section  V reductions  in'  upland  erosion  Were  calculated 
for  Divisions  A and  B,  Those  reduction  factors  were  applied  against  the  | 
damages  apportioned  to  those  areas  in  Section  II  to  arrive  .at  an  estimate  I 
of  the  benefits  that  would  accrue  through  reducing  tlio  cost  of  mnintaining 
the  drainage  ditches.  However,  the  full ‘effect  of  tho  oro’gram  will  not  bo 
felt  immediately  as  a moderate  amount  of  sediment  will  bo  in  transit  at 
tho  ti,mo  it  .Is  installed.  In  calculating  the  benefits-  c'la lined,  therefore,  I 
it  was  assumed  that  the-  annual  benefits  would  increase -uniformly  through  i 
a ton  year  period  and  remain  constant  thc.rcaftor.  The  Present  v.^luo  of 
this  series  of  annual  benefits  vias  taken  as  the  total  ‘bt.'nefit  and  this 
wa.s  reduced  to  tho  average  annual  equivalent  given  in  Table  14.'^  ; 

I ...  , . ‘ . j 

On-Site  Benefits  . ; ' 


The  on-sitc  benefits  ;vcre  calculated  by  determining  the  amount  that 
future  farm  income  on  tho  sample  farms  would  exceed  present  income  if  the 
program  were  installed.  This  yielded  a cons-  rvrtivc  estimate  of  benefits 
in  that  it  is  expected  that  farm  incomes  will  decrease  in  the  future  if 
present  methods  of  farming  arc  continued.  The  details  of  these' calcula- 
tions are  givon  in  Appendix  E. 

» ' 

Calculation  of  Benefits  by  Divisions 


As  previously  pointed  out  the  throe  major  subwatershed  used  in  cal- 
culating flood  reduction  ben-. fits  did  not  include  tbe  entire  areas  of 
Divisions  A and  B,  To  estimate  tho  benefits  that  would -be  Produced  by 
treatment  of  tho  entire  area  within  n Division  it  was  necessary, ' there- 
for to  apply  appropriate  benefits  ,ncr  unit  area  to  tliO  .^roa  not  lying 
within  thosi'  subwat  :r sheds . . • - - ^ 
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Unevaluated  Benefits 

The  proposed  program  will  produce  substantial  benefits  that  have 
not  been  claimed  in  the  report.  It  will  ameliorate  the  present  damages 
to  wildlife,  reduce  the  number  of  interruptions  to  traffic,  eliminate 
the  cost  of  providing  and  maintaining  numerous  bridges  in  the  areas 
attacked  by  major  gullies,  and  forestall  the  complete  destruction  of  de- 
preciated lands  adjacent  to  the  gully  system.  Some  benefit  will  no  doubt 
be  realized  from  the  reduction  of  the  contribution  of  silt  to  the  Missouri 
River,  It  will  also  minimize  the  erosion  losses  now  being  suffered  on 
upland  farms.  This  latter  effect  is  of  tremendous  importance,  as  the 
preservation  of  the  soil  resource  for  the  use  of  future  generations  is 
a social  obligation  of  the  highest  order. 

Summary  of  Monetary  Benefits 

The  benefits  derived  by  the  methods  outlined  above  are  summarized 
in  Tables  13,  14  and  15«  Table  13  gives,  for  the  subwatersheds,  the 
benefits  accruing  to  the  farmland  treatment  by  reason  of  the  effect  it 
has  on  flood  and  related  damages.  Table  14  gives  the  average  annual 
benefits  by  Divisions,  Table  15  shows  the  on-site  benefits  in  Divisions 
A and  B, 

From  these  tables  it  will  be  seen  that  the  benefits  claimed  for 
the  reduction  of  flood  and  related  damages  total  '^253,979.  The  farmland 
treatment  phase  of  the  program  produces  about  25  percent  of  this  total 
and  the  remaining  75  percent  results  from  the  control  of  major  gullies. 


Table  13 

Reductions  in  Damages  by  Floods -'to  Crops,  Pastures^  Fences, 
Highways  and  Railroads  by-  Subwatersheds, 

For  Farmland  Treatment  on’ 70  Percent' of  Area 

Tyne  of  Damage  Reduced*  to  Frpducd' Benefit  ‘ • Benefit .in  Dollars 

LITTIE  SIOUX  • 


Above  Zone  5 . ’ • ' r 

Crop  and  pasture  ’ ■ • ' " : _ 10,^84 

Fence,  highway  and  railroad  4^ 700 

Total  above  Zone.  5.  .•  ...  . 14,984 

In  Zone  5 ■ 

Crop  and  pasture  ‘ ’ ■ < •'  . . : • , ,575 


• . ' . . MA.PLE  RIVER  • • \ 

Above  Zone  5 . : ; 

Crop  and  pasture  ; ^ 5,594 

Fence,  highway  and  railroad  ' ■ • , 2, 865 

Total  above  Zone  5 ‘ ' ' • i-  ■ 8,, 459 

In  Zone  5 .rr.:-  • 

Crop  and  pasture  3,444 

WEST  FORK 


Above  Zone  5 

Crop  and  pasture  2,964 

Fence,  highway  and  railroad  4.313 

Total  above  Zone  5 7,277 


In  Zone  5 

Crop  and  pasture 


13,273 
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Table  14 

FLOOD  AND  RELATED  BE^1EFITS  ATTRIBUTABLE 
TO  TREATTvIENT  OF  DIVISIONS  A AND  B 
(For  Farmland  Treatment  on  70,  Percent  of  Area 
and  Complete  Treatm.ent  of  Ma.jor  Gullies) 

Source  of  Benefit 1. Average  Annual  Benefit  ?Ln  Dollars 

Division  A Division  B 

Farmland  Treatment 


Reduction  in  crop,  pasture,  fence, 
highway  and  railroad  damage  attributable 
to  the  treatment  of : 


Little-  Sioux  subwatershed 

1 11,657 

$ 4,590 

I'feple  River  subwatershed 

5,987 

5,916 

'Test  Fork  subwatershed 

8,568 

11,982 

Minor  tributary  watersheds  \J 

2,470 

Reduction  in  rates  of  ditch  filling 

5,504 

■ '5,743 

Ma.ior  Gully  Control 

Reduction  in  land  damage 

184,546 

Reduction  in  rates  of  ditch  filling 

7.016 

Total 

1 31,716 

$ 222,263 

1/  Small  tributaries  not  draining  into  any  of  the  three  main  tribu- 
taries, Benefit  derived  by  applying  average  benefit  oer  unit  area 
for  Division  B. 


Table  15 

ON-SITE  BENEFITS  PRODUCED  BY  FAPMAND  TREATFENT 
70  Percent  of  Area 


Division  A.verage  Annual  On-site  Benefits 

S1,4S5,893 
1,141.,  397 
42^627,290 


A 

B 


Total 
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SECTION  VII  - COm.RISON  OF  BENEFITS  AND  COSTS 

The  benefits  that  would  be  oroduced  by  the  prooosed  remedial  oro- 
gram  are  comnared  vath  costs  in  Table  16,  An  examination  of  this  table 
vdll  show: 

1.  .That  the  exoenditure  of  each  dollar  of  rublic  funds  ivill 
nroduce  flood  benefits  amounting  to  1.14  dollars  in 
Division  A and  1,43  dollars  in  Division  B, 

2,  That  the  farm.ers  will  profit  by  coooerating  in  the 
orogram  as  in  Division  A they  idll  receive  2.52  dollars 

for  each  dollar  they  invest  and  in  Division  2,06  dollars, 

3*  That  the  total  benefits  exceed  the  total  costs  for  both 
. Divisions  of  the  area  treated;-  in  Division  A the  return 
on  each  dollar  being  2*46  dollars  and  in  Division 
1,92  dollars.  . 

• Table  l6  ' ^ 

- BENEFITS  AND  COSTS 


Of  Farmland  Treatment  on 
And  Complete  Treatment 

70  Percent  of  .Area 
of  Ma.ior  Gullies 

DIVISION  a"' 

DrdSION  B 

BENEFITS  1/ 

Flood  Control 

S ' 31,716- 

S 222,263 

On-site 

■ 1.485.893 

1.141.397 

Total 

517, 609 

$1, 363, 660 

COSTS  2/ 

Federal 

$ 27, 772 

S 122,011 

Other  Public 

32,894 

Farmer 

589.297 

553.528 

Total  Contribution 

$ ' 617,069 

$ 708,433 

Flood  Control  Benefits  per 

\ 

Dollar  Federal  Cost 

1.14 

1.82 

Total  Benefits  per  Dollar 

Total  Cost 

2.46 

1.92 

1/  Average  annual  benefits  from  Table  14 
2j  Average  annual  costs  from  Table  9 
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SECTION  I - DESCRIPTION  OF  WATERSHED 


Location:  The  Little  Sioux  watershed  is  located  in  northwestern  Iowa 

and  southwestern  Minnesota,  The  river  rises  in  Jackson  county^  Minnesota 
and  flov/-s  200  miles  in  a southwesterly  direction  to  River  Sioux^  Harrison 
County,  Iowa,  where  it  empties  into  the  Missouri  River.  It  has  a total 
drainage  area  of  4^502  square  miles  and  the  source  is  590  feet  in  eleva- 
tion above  the  mouth.  The  average  gradient  of  the  stream  is  2.6?  feet 
per  mile.  The  basin  is  135  miles  long  and  is  relatively  narrow.  Its 
maximum  vridth  is  50  miles  at  a point  about  50  miles  above  its  mouth. 

The  gradient  of  'the  river  through  the  Missouri  River  Flood  Plain 
portion  is  less  than  one  foot  per  mile.  The  elevation  is  1,010  feet 
above  mean  sea  level  at  the  Missouri  i^iver. 

There  are  three  major  streams  in  the  watershed.  They  are  West  Fork, 
the  main  stem  of  the  Little  Sioux,  and  the  Maple  River.  All  of  these 
streams  are  independent  of  each  other  until  they  reach  the  Missouri  River 
Flood  Plain.  The  confluence  of  the  Maple  and  the  Little  Sioux  occurs 
just  below  the  town  of  Turin  where  the  Maple  reaches  the  Missom’i  River 
Flood  Plain,  The  West  Fork  empties  into  the  Little  Sioux  about  l/8  mile 

above  the  confluence  of  the  Little  Sioux  and  the  Missouri  River.  Ho\A;ever, 

there  is  an  equalizer  ditch  between  the  Little  Sioux  and  West  Fork  about 
10  miles  above .the  mouth  of  the  Little  Sioux. 

Physical  Description:  The  watershed  is  dj.vided  into  6 general  topographic 

areas.  (See  Figure  A-l) . Zone  0 is  the  irregular  terminal  moraine  area 
developed  by  the  Wisconsin  glacier.  Zone  1 is  the  level  area  covered  by 
the  Wisconsin  glacier  and  lies  just  south  of  Zone  0.  Zone  2 is  a gently 
rolling  area,  the  surface  of  which  is  predominantly  bf  loessial  origin. 

Zone  3 is  a steeply  rolling  area  also  of  loessial  origin  v/here  slopes  of 
8 to  15  percent  predominate.  Zone  4 is  a bluff  area  of  loessial  soil 
where  rough  topography  exists  and  slopes  are  predominantly  15  to  50  per- 
cent, Zone  5 is  the  alluvial  flood  plain  of  the  Missouri  River,  At 

the  present  time,  this  area  is  not  flooded  by  the  Missouri  River, 

The  soils  of  the  watershed  are,  in  general,  very  productive. 

Limited  areas  of  poorly  drained  bottomland  C3xist  in  the  Missouri  River 
Flood  Plain  portion  of  the  area.  The  use  of  onen  drainage  has  relieved 
this  problem  materially  and  much  of  this  land  is  noT-T  used  for  Mieat  pro- 
duction, In  the  glacial  drift  area  of  the  ^vatershed,  most  of  the  land 
has  been  tiled,  Other>.''dse,  no  significant  drainage  problems  have 
existed.  In  all  but  the  steep  bluff  area  of  Zone  U,  agricultural  crops 
are  used  on  the  land.  Timber  is  not  a source  of  livelihood  in  the  bluff 
area  but  it  exists  on  the  north  and  east  slopes  of  the  bluffs  yrhere  the 
use  of  agricultural  crops  has  not^been  found  feasible. 

Population:  The  total  population  of  this  watershed  in  1930,  as  estimated 

from  data  for  tovmships  which  are  50  percent  or  more  mthin  the  basin, 
was  125,900  persons.  This  represents  a population  density  of  approximately 
I 28  persons  per  square  mile.  There  vrcre  only  three  tovms  with  a population 
jf  of  more  than  2,500  persons;  Cherokee  in  Cherokee  Count;/  with  6,443;  Spencer 

K in  Clay  County  vrlth  5,019;  and  7/orthington  in  Nobles  County,  Minnesota  •'Ai.th 

K:  3,878,  This  gives  a total  urban  population  of  15,340  or  12  percent  of  the 

IL  total.  In  addition  there  are  several  small  villages. 


The  farm  population  in  1930  (including  102  urban-fa.nns)  was  70,630^ 
or  56.1  percent  of  the  total  population.  This  represents  a farm  popula- 
tion density  for  the  entire  area  of  15.5  persons  per  square  mile.  The 
farm  population  as  estimated  from  data  obtained  from  the  1935  census  of 
agriculture  is  68,334. 

Land  Tenure ; Corporate  ovmership  of  land  is  fairly  extensive  in  Zones 
1 and  3.  Most  of  such  land  is  held  by  insurance  companies  or  banks  which 
became  owners  through  foreclosure. 

In  1934,  65.5  percent  of  all  farm  land  in  the  watershed  was  rented. 
This  proportion  varied  from  63  percent  to  72.5  percent.  Only  two  town- 
ships had  less  than  45  percent  of  their  farm  land  operated  by  tenants, 
while,  several  had  75  percent  so  operated.  Absentee  oivnership  is  consid- 
erable. 

Land  Cover : According  to  the  1935  census  report,  96,0  percent  of  the 

watershed  was  in  farm.s.  In  1934,  71-.9  percent  of  the  farm  land  was  in 
crop  land  and  65,0  percent  was  in  harvested  crops.  The  moderately  eroded 
area  (Zone  2)  had  the  highest  proportion  of  the  land  in  harvested  crops 
and  in  total  crop  land.  The  bottomland  area  (Zone  5)  had  a high 'percen- 
tage of  crop  land,  but  about  one-third  of  the  crop  land  was  reported  as 
crop  failure,  idle  or  fallow  land  in  1934. 

Land  Management;  Many  farmers  do  not  consider  soil  erosion  to  be  a 
serious  problem,  although  cultivation  of  many  fields  and  parts  of  fields 
has  been  abandoned  because  of  it,  Mhile  much  of  the  top  soil  has  been 
removed  from  the  rolling  land,  most  farmers  believe  crop  yields  have  not 
decreased  materially.  Crop  yields  average  higher  on  the  loess  soils  of 
Zones  2 and  3 than  on  other  parts  of  the  watershed. 

Very  few  farms  have  adapted  their  farm  practices  to  the  prevention 
of  erosion  and  reduction  of  run-off.  In  1934  corn  occupied  48,6  percent 
of  the  acreage  in  harvested  crops.  In  the  seriously  eroded  Zone  3 the 
percentage  of 'harvested  crops  in  corn  was  approximately  58  percent..  The 
highest  proportion  of  crop  land  in  corn  was  in  the  toimships  mth  large 
amounts  of  bottomland,  while  the  levies t proportion  was  on  the  more  level 
upland  in  the  central  (Zone  2)  and  northern  (Zone  O)  parts  of  the  watershed 

Pastures  generally  are  over-grazed.  Contour  farming  and  engineering 
structures  for  erosion  prevention  are  rare. 

Farm  Economy.;  Nearly  all  the  farms  in  the  watershed  are  of  commercial 
types  vrith  very  few  self-sufficing  farms  or  part-time  farms.  Livestock 
farms  predominate  throughout  the  area  with  cash  grain  farms  second  in 
importance.  Grain  farms  are  most  frequent  in  the  bottomland  of  Zone  5 
and  on  the  relatively  level  glacial  soils  of  Zone  1,  Beef  cattle  and 
hogs  are  fed  in  large  numbers  in  all  parts  of  the  watershed.  In  1935 
the  census  reported  an  average  of  37  swrine  and  28  cattle  per  farm. 

The  average  size  of  farms  is  about  200  acres,  mth  relatively  little 
variation  between  the  different  parts  of  the  watershed  in  this  respect, 
except  that  the  average  in  the  bottomland  area  (Zone  5)  is  217  acres  per 
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farm.  In  all  parts  of  the  watershed  corn  is  by  far  the  most  important 
crop.  In  Zones  0^  and  5 some  of  it  is  sold  as  a cash  crop^  while  in 
Zones  3 and  4 nearly;"  all  of  it  is  fed. 

In  1929^  the  average  value  of  farm  products  sold^  traded  or  used  by 
the  farm,  family  was  $4^077  per  farm.  The  average  for  the  State  of  Iowa 
was  $3,303.  Gross  incomes  per  acre  were  019  in  Zones  1 and  2 and  $25  in 
Zones  3 and  4,  The  gross  value  of  products,  however,  does  not  present 
an  accurate  picture  of  differences  in  net  incomes  because  of  the  varia- 
tion in  expenses^  particularly  for  the  purchase  of  feeder  cattle. 

Variations  in  the  value  of  land  and  buildings  per  acre  reflect  in 
part,  the  variations  in  net  incomes.  In  1935,  the  average  value  per 
acre  of  farms  in  the  entire  watershed  was  $78,  The  average  for  the  State 
of  Iowa  was  $72.  Land  values  are  lowest  in  the  southern  part  where  the 
predominant  soils  are  either  bottomland  types,  ^".'hich  are  subject  to  over- 
flow and  poor  drainage,  or  steeply  rolling  upland  types,  -^Jhich  are  subject 
to  serious  erosion  and  excessive  run-off. 

In  1934,  the  average  cash  rent  per  acre  for  the  counties  in  the  yfater- 
shed  Y/as  $5.74.  During  the  same  year  the  average  for  the  State  of  Iowa 
Y^ras  $4,88,  The  average  for  the  counties  on  the  m.ore  level  land  in  the 
northern  part  of  the  watershed  ?ras  $5.61,  as  compared  to  S6‘,00  on  the 
gentler  rolling  loess  soils  and  $5.46  on  the  more  rolling  loess  soils. 

Mortgage  indebtedness  of  OYmer-operated  farms  in  the  iTatershed 
am.ounted  to  about  50  percent  of  their  value  in  1930.  There  was  not  a 
great  deal  of  variation  among  counties.  This  is  about  equal  to  the  ave- 
rage for  the  State  of  lovra.  The  amount  of  indebtedness  has  been  .reduced 
since  1930,  but  the  fixed  charges  that  farmers  and  landlords  must  pay  on 
mortgages  continues  to  be  an  important  factor  in  the  encouragement  of  an 
exploitive  type  of  farming. 

In  1935,  the  farm  real  estate  tajc  ?fas  about  $1.00  per  acre.  Delin- 
quency of  tax;es  on  farm  real  estate  Y;as  not  a serious  problem  prior  to 
1929,  Before  that  year  the  accumulated  delinquency  was  less  than  10  per- 
cent of  the  current  levy  in  all  counties  edthin  the  watershed.  Accumulated 
delinquent  taxes  increased  rapidlj^'  during  the  period  1929  to  1933  and  in 
1933  reached  a peak  of  32  percent  of  the  current  lev^’"  in  Zones  0 and  1, 

23  percent  in  Zone  2,  and  35  percent  in  Zones  3 end  4.  In  more  recent 
years,  hoYrever,  delinquencies  have  declined. 


SECTION  II  - SOILS  OF  THE  TfATERSHED 

The  characteristics  of  the  soils  of  the  Y/atcrshed  arc  summarized 
in  Table  A-1, 


TABLL  A-lo  SOILS  OF  THE  LITTLE  SIOUX  WATERSHED 


-tS. 


¥. 


i 


CO 


-p 

o 

o 

03 


I 

'T! 

O 


•H 


-P 

P! 


o 

o 


I — I I — I I — ! I — I O 'Xi 


1 

0 -H 

P 

rH 

0 

Cn2 

iH 

00 

iP 

w 

P 

1 

0 

0 

cS 

0 

OQ 

1 — 1 

1 

rH 

0 

6 

£ 

•H 

d 

0 

as 

0 

rH 

rH 

Co 

' ^ 

id* 

»> 

d 

0 

i> 

& 0 

-P 

1 — ^ 

0 

b 

0 

0 

gS 

p 

C/0 

05 

-p 

d 

1 — I 

d 

p 

d 

w 

d 

H. 

k» 

rH 

p 

td 

i 

d 

fcjj 

w PQ  4^  CQ 


^ as  'xi 


d 

•H 

d 

0 

rH 

P 

0 

1 

P 

0 

1 

W 

ST 

0 

LO 

•H 

d 

>3  P 

g 

1 — 1 

r'^ 

CVJ 

P 

to 

d 

i 

d 

::S 

1 

6 

rH 

1 

0 

0 

d 

Q 

p 

d 

•H 

iH 

I — 1 

tj) 

rH 

p 

CO 

CJ 

as  r 

rH  CO 
O CO 


d |>5 

I — ! 

I -H 


1 

40 

b 

ft 

>5 


fcJj 


CD 

-P 

•P 


>i-P  o 

d r— ) rH 

Jh  .H  ® 
fcD  to 


-P 

-p 

•H 

u 

tD 


w 

•H 


0 


4:!  Co  0) 

W r-H  >s  o 
•iH  O ^ "P 

*->  c— 

D b 

rH  4^  yO  ^ 

f — ! 1^  I 0 

O *H  sr<  ^ 
>;,  CO  OD  43 


-p 


>5 

d 

rH 

o 

-P 

I — I 

•H 

W 


0 |5 

•H  O I 

i>s  *P 

d rH  g 

^ s 

w 

1 >5 

cr  P d 
■=^  O rH 
iO  O 


P O 

. r-1  O ' * "b 

d d rH  I — I S 

(D  O 0 0 d 

<H  PQ  t>5  0 


>5  o 
d P 
p p 

fel, 

4::  b 
P d 

•H 

^ s 

nzS  iH 

^ 

rH  0 

P>  >5 


4:^ 

P 


C0P:>,Sh  prH 

-r  i Jh  rP  d 0 d 

O o r-1  'd 


rH  ! O t4)  O iH  rD  CO  W 0 


rd 

r-r 

d 


>5 

■d 

d 

d 

w 


: 


>sd 

d 0 

— I ( — I 
o P> 
p> 
d O 
O g 

>>  s 

d d 

< — I o 

O |H 


0 

>s 

d 

^8 
d d 


d 

o 

o 

o 


d 

o 

o 

cd 


•H  d j 
d "H  j 
o o 

*5"  ■!  i 


d 

o 

o 

O 


§ 1 

•H  d 
d -H  1 
o o i 

r.  ol 


0 

O 

d 

Ch 

d 

d 

03 


i 

d 

•H 


d 

•H 

O 

d 

CO 

•H 

0 

d. 

>:> 

P> 

d 

\ ^ 

1 P 

P> 


0 

0 

1 

> 

rH  |>s 

•H 

d P 

0 

d p 

P 

03 

fcu) 

«H 

d 

0 

d ^ 

d 

o' 

0 

bL  0 

0 

lx! 

•H  d 

0 0 

0 

P 

tP  "d 

P d 

0 0 

p -H 

0 

d 

d 

P P 

Q 

>^-P 

H O 
+3  .H 

cD  P> 
•H  W 
rH  O 

CO  d 


•H 

DC! 


d 

o 

o 

O 


d 

o 

c 

O 


d 

d 

P, 

0 

0 

t. 

0 

0 

•H 

CD 

cD 

i-r* 
1 — 1 

d 

>> 

J 

0 

d 

•H 

C-' 

0 

p 

d 

0 p 

d 

d 

rH  0 03 

P 

t_ 

•H  d 0 

0 

' c 

p d -H 

fc0 

1 Cd 

0 d P 

0 

L_^ 

d P w 

0 

1 — 1 G> 

•»H 

fed 

d tj 

p 

d 

d d 

0 

d 

d d 

•H 

0 -rl 

d 

d 

P d 

0 

d 

d d 

d 

d 

M d 1 P 

‘H 

•H  t — 1 
O -t^ 

LL 

O I — \ 


4:: 

bS; 

•rH 


>i 

p 
O .H 
P>  d 
•H 

S O 
d d 

•H 

d ^ 
0 o 


o 

4h 

p 

p> 

d 

P 

o’ 

o 

o 


0 

p 

o 

o 

as 

d 

d 

o 

p 

d 

o 

•r-3 

d 

S 

d 

0 

P 

P 

o 


p 

•H 

d 

•H 

o 

d 


-1C) 

•H 

!> 


•H 

o 

w 

d 

0 o 

o -H 
CS  P 
P O 
d ^ 

d o 

CO  d 


•H 

o 

p 

o 

o 

p 

d 

d 

rH 

•H 


o 

C/3 

I — 1 

<IJ 

* 


SECTION  III  --  SUB-DIVISION  OF  THE  WATERSHED  INT'O 
DELI I\!E ATI ONS  A^JD  ZONES 


For  use  in  designing  a remedial  program  and  in  evaluating  its  effects 
upon  flood  run-off  and  erosion  the  lands  of  the  watershed  were  sub-di\’ided 
into  ’’physical  d elineations”  or  areas  having  a fairly  homogeneous  pattern 
of  soil,  slope,  erosion  and  land— use.  The  delineations  mapped  are  sho'.'m 
by  Figure  A-l,  The  areas  of  the  delineations  finally  selected  for  design 
and  evaluation  purposes  are  summarized  by  subwatersheds  in  Table  A-2,. 

To  determine  the  composition  of  the  delineations  and  also  to  secure 
the  economic  data  needed  in  determining  the  effect  of  the  program  upon 
farm  incomes,  sample  farms  were  selected  at  random  in  each  of  the  nine 
most  important  delineations.  The  number  of  farm.s  studied  in  each  delin- 
eation is  shown  in  Table  A-2a,  In  all  157  farm.s  were  investigated.  The 
portion  of  the  watershed  covered  by  the  terminal  moraine  was  not  sampled 
as  it  had  previously  been  determined  that  it  would  be  excluded  from  the 
area  surveyed.  Bottomland  delineations  were  also  omitted. 

It  v;as  found  that  for  some  purposes  an  even  broader  classification 
than  the  physical  delineations  would  be  helpful.  Accordingly  the  six 
’’zones”  of  Figure  A-2  were  outlined.  The  principal  vdifferences  betvfeen 
these  zones  is  in  their  topography;  the  slopes  becoming  progressively 
steeper  proceeding  doiAmstream, 


WorthinQion 


NOBLES 


MINNESOTA 

IOWA 


LITTLE  SIOUX 
WATERSHED 

MINNESOTA  " IOWA 


Figure  No.AiS. 


LEGEND 

PHYSICAL  ZONES 

0 Terminal  Moraine 
Wisconsin  Drift 

1 Gently  Rolling  Loess 
3 Steeply  Rolling  Loess 
\ Steep  Loess 

5 Missouri  River  Flood  Plain 

FIR^T  ORDER  WATERSHED 

Maple  River 

West  Fork  Little  Sioux  River 
Little  Sioux  River 

SECOND  ORDER  WATERSHED 
II‘A  Watersheds  50-75  sq  mi 
n “B  Watersheds  25"50  sq  mi. 

n "C  Watersheds  10-25  sq  mi. 
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TABLE  A-2a.  NUMBER  OF  SAMPLE  FARMS  STUDIED  IN 


THE  WiRIOUS  DELINLATIOHS  OF  THE 
LITTLE  SIOUX  WATERSHED 

Delineation 

Random 

Farms 

SCS  contract 
Farms 

Total 

9-B-I 

o 

/ 

4 

14 

9-B-2 

16 

3 

19 

9-C-2  & 3 

16 

4 

20 

ll-C-2 

16 

1 

17 

-ll-C-3 

20 

4 

24 

9 

0 

9 

ll-D-2 

17 

1 

18 

ll-D-3  ^ 

22 

1 

23 

150-C  & D 

13 

1 

0 

13 

Total 

139 

18 

157 

TABLE  A-3.  DISTRIBUTION  OF  LIliD  IN  lUJOR  DELINE/TIONS 
BY  SOIL  TYPE  /ND  EROSION  CLASS 


Major 

Delineation 

Percent  of 

/ re  a 

by  Eros 

ion  Classes  l/ 

Total 

Soil  Type 

i-  7 

-7V 

1 - 

2 

22 

3 

6 

Percen 

Delineation 

ll-D-2 

• 

ScTc 

12 

.71 

.71 

tt 

150 

.65 

.65 

11 

9 

1.21 

.50 

1.71 

11 

11 

7.19 

■ 8.04 

11.88 

16.17 

21.00 

64.28 

ti 

257 

.25 

2.61 

4.11 

8.14 

15.11 

It 

26a 

3»29 

11.22 

3.03 

17.54 

3.29 

11.22 

3.03 

8.15 

11.86 

16.49 

24.96 

21.00 

100.00 

Delineation 

ll-D-3 

S.Ta 

11 

1.97 

7.29 

5.16 

23.  51 

1.72 

39.65 

11 

257 

.07 

2.41 

12.52 

24.57 

39.57 

It 

26a 

2.69 

6.33 

10.03 

.72 

,58 

.43 

20.78 

2.69 

6.33 

10.03 

2.76 

10.28 

17.68 

48.51 

1.72 

100.00 

Delineation 

9-B-l 

SoT» 

9 

4.73 

44.92 

27.55 

2.98 

80.18 

11 

227 

0.45 

4.12 

2.38 

6.95 

It 

138-169 

1.24 

3.80 

1,34 

6.38 

It 

26-26a- 

48- 

107 

4.03 

2.13 

0.33. 

6.49 

4.48 

2.13 

0.33 

10.09 

51.10 

28.89 

2.98 

100.00 

Delineation 

ll-C-3 

ScTo 

9 

.50 

3.12 

3.60 

1.12 

8.34 

11 

11 

.30 

.35 

2.01 

20.72 

.29 

23.67 

11 

257 

2.49 

14.70 

33.63 

50.82 

11 

26a 

5.21 

5.23 

6.73 

17.17 

5.21 

5.23 

6.73 

.80 

5.96 

20.31 

55.47 

.29 

100.00 

Delineation 

9-B-2 

SoTo 

9 

5.82 

24.19 

37.62 

.87 

.92 

69.42 

11 

138 

1.16 

.72 

.18 

2.06 

11 

169 

3.03 

1.87 

4.90 

n 

11 

.33 

.30 

1.71 

2.34 

11 

257 

.83 

3.04 

.05 

3.92 

11 

75-131 

.26 

1.28 

.58 

.25 

2.37 

11 

107-26- 

26a-48 

8.36 

3.20 

3.31 

.12 

14.99 

8.62 

3.20 

3.31 

7.10 

29.29 

41.59 

5.80 

1.09 

100.00 

(continued  on  next  page) 


T/.BLE  A-Zo  (continued) 


Ma  j or 

Delineation , 

Percent  of  Area  by  Erosion  Classes  l/ 

Total 

Soil  Type 

t t 7 t7V  1 2 22  3 

6 

Perc ent 

Delineation  ll-C-2 


SoT. 

9 

1.28 

3,34 

1.66 

1.34 

D 

7.62 

ti 

11 

.09 

.56 

4.47 

27.44 

.19 

32.75 

H 

257 

1.22 

14.00 

29.53 

44.75 

U 

26a 

4,16 

6.39 

4.33 

14.88 

4.16 

6.39 

4,33 

' 1.37 

5.12 

20.13 

58.31 

.19 

100.00 

Delineation 

11-D-l 

' 

S.T. 

9 

n 

11 

' 

18,31 

18.63  ' 

5,36 

8.36 

29,68 

80.34 

257 

.08 

3.28 

2,34 

5.70 

U 

26a 

1,31 

2,69 

9.96 

13.96 

1,31 

2.69 

9.96 

•18.39 

21.91 

5.36 

10.70 

29.68 

100.00 

Delineation 

150-C  & D- 

-1  <&  2 

SoTo 

9-169 

2,59 

10.09 

14.99 

2,60 

30.27 

!l 

151 

1.45 

4.20 

11.48 

7.03 

24.16 

tt 

138 

.26 

7,83 

7,97 

.15 

16.21 

t! 

75 

3. 0.1 

1.23 

4.24 

It 

11 

.96 

2.04 

5,57 

1.24 

.30 

10.11 

tt 

26a 

7o86 

4.17 

2.98 

15,01 

7.86 

4.17 

2.98 

8.27 

25.39 

40.01 

11,02 

.30 

100.00 

Deli 

neation 

9-C-2  3 

S.T. 

9 

- 

1.05 

18.36 

41.36 

6.25 

.04 

67.06 

tt 

257 

9.55 

4.67 

14.22 

tt 

138 

1.28 

2.  55 

.95 

4.78 

tt 

26a 

2.66 

1.95 

8.67 

.66 

- 

13.94 

2.66 

1.95 

8.67 

1,71 

19.64 

53.46 

11.87 

.04 

100.00 

1/  For  meaning  of  erosion  class  symbols 
Figure  / -I. 


see 


TilBLE  A-4o  TOTAL  SOIL  LOSS  (IN  ACRE  FEET  PER  SQUARE 
I''ILE)  BY  DELINEATIONS  (?^^J0R)  IN  THE 
LITTLE  SIOUX  Ti'iATERSHEDo 


Major  physical 
Delineation 

Sheet 

Erosion 

Cully 

Erosion 

Total 

9-B-l 

276o0 

2,8 

278.8 

9-B-2 

274-.0 

3.7 

277.7 

9-C-2  & 3 

309.0 

4.8 

313.8 

ll-C-2 

256,0 

4,7 

260.7 

ll-C-3 

251.0 

7.4 

258,4 

11-D-l 

99oO 

1.7 

100.7 

ll-D-2 

128o0 

3.5 

131.5 

ll-D-3 

250o0 

7.2 

257.2 

150-C  & U-1  & 2 

244.0 

.6 

244.6 

26-^-  - 

Bottomland 

A^5 


SECTION  IV  SOIL  EROSION 


Estimates  of  the  rate  at  •'.Arhich  soil  is  being  eroded  from  various 
Iff  parts  of  the  watershed  were  derived  from  detailed  erosion  surveys  on 
% the  sam.ple  farms.  To  obtain  an  estimate  of  the  soil  previously  lost 
through  accelerated  erosion  the  depths  of  topsoil  were  determined  on 
!>  virgin  areas  and  it  was  assumed  that  on  like  soils  and  slopes  any  reduc- 
■ tions  in  these  virgin  depths  were  attributable  to  cultivation.  Soil 
V losses  attributable  to  small  gullies  were  determined  by  measuring  the 
gullies  on  the  sample  farms. 

From  the  erosion  surveys  of  the  sample  farms  the  average  distribu- 
tion of  degrees  of  erosion  was  derived  for  each  physical  delineation 
and  are  shown  by  Table  A-3.  These  average  distributions  were  comrerted 
T to  actual  soil  loss  by  assigning  the  follomng  average  losses  to  each 
class  of  sheet  erosion: 


Class 

Percent 

Average  loss 

Sjnrbol 

of 

Topsoil 

Lost 

in  Percent 

• 1 

0-  25 

18.75 

2 

25-  50 

37.50 

22 

50-  75 

62.50 

3 

' 75-100 

S7.50 

The  resulting  estimates  of  the  amounts  of  soil  that  have  been  eroded 
from  each  physical  delineation  are  given  in  Table  A-4. 

To  obtain  an  estimate  of  the  amount  of  soil  removed  hj  the  major 
gullies  in  the  lower  part  of  the  basin  measurements  were  made  of  sample 
gullies.  These  samples  were  classified  by  size  into  three  groups  and 
for  each  group  the  volume  of  material  removed  was  determined.  These 
determinations  were  made  for  each  of  the  important  physical  delineations. 
The  resulting  estimates  of  volume  are  shown  in  Table  A-5. 


Table  A-5.  VOLUME  OF  SOIL  REMO^/SD  BY  MAJOR  GULLIES 


Physical 

Delineation 

Acre  Feet  of  Material 
per  Square  IVIile 

ll-C-2 

49.7 

ll-C-3 

40,5 

11-0-1 

99.4 

11-0-2 

95.8, 

11-0-3 

192.8 

A^6 

SECTION  V ~ SOURCES  OF  SEDILI^NT  REACHING  DRAI?IAGE  DISTRICTS 


To  determine  the  source  of  the  sediment  deposited  in  the  drainage 
ditches  on  the  Missouri  River  alluvial  olain  it  was  not  onl^'  necessar^^ 
to  estimate  the  erosion  from  the  land^  but  also  to  determine  what  por- 
tion of  the  eroded  material  actually  finds  its  way  into  these  ditches. 
This  required  a determina.tion  of  the  amount  of  eroded  material  deposited 
upstream  from  the  Missouri  Pdver  alluvial  plain.  The  procedure  used  is 
brief  13^  outlined  in  the  follomng. 


Definition  and  Description  of  Problemi  Areas 

Watershed  Divisions;  First  order  vfatersheds  ~ The  entire  Little  Sioux 
Watershed  can  be  subdivided  into  three  major  first  order  watersheds*  the 
Little  Sioux^  I’la.ple  River  and  Vfest  Fork  subwatersheds  previous  13^  discussed. 

Second  order  watersheds  - The  second  order  Y/atersheds  are  tributary 
to  the  first  order  streams  and  to  the  Missouri  River  flood  plain  area 
(See  Figure  A-2) , These  units  are  complete  watersheds  smaller  in  size 
than  the  first  order.  Table  Ar^7  lists  these.  They  in  size  from, 

ten  to  one  hundred  square  miles  and  can  be  divided  into  the  three  follow- 
ing classes. 


Class  II  — A watersheds  - These  are  watersheds  ranging  in  size  from. 
50  to  75  square  miiles , 

Class  II  ~ B Yratersheds  - This  group  includes  watersheds  ranging  in 
size  from  25  to  50  square  miles. 


Class  II  - C watersheds  - These  watersheds  range  in  size  between  10 
and  25  square  miles. ^ 


Third  order  watersheds  — These  v\ratersheds  var3>~  in  size  from  one  to 
ten  square  miles,  The3/are  tributar3i"  to  tlie  first  order  streamiS^  second 
order  streams  and  to  the  open  Missouri  River  flood  plain  area.  The-  sedi- 
ment in  these  watershed,  units  occurs  on  small  tributar3''  bottoms  and  in 
traps  above  fences  and  roads. 

The  third  order  v/ater sheds  were  further  subdivided  into  40-acre  units 
based  on  their  position  7/i thin  the  small  watershed  (See  Figure  A~3)« 

Three  classes  of  40-acre  units  were  established.  They  vrere : 

Unit  1 (See  Figure  A-3) — These  units  are  located  on  the  main  stream 
of  the  third  order  watersheds  and  usually  have  the  greatest  volum.e 
of  sediment  of  any  three  units. 

Unit  2 (See  Figure  A-3) — These  units  are  located  iii  an  intermediate 
position  betYv'-een  the  main  stream,  of  the  third  order  watersheds  and 
the  watershed  divide.  These  are  in  realit3^  fourth  order  watersliads. 
In  these  units  there  is  a moderate  sedim.ent  accumulation  on  small 
bottoms , 

Unit  3 (See  Figare  A-3) — These  units  are  located  on  the  watershed  ' 
divides.  Erosion  is  prevalent  in  these  units ^ hewe-ver^  sediment 
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acc-urn.ulation  is  found  in  traps  above  fences  and 
are  a nunber  of  small  watersheds  v;hich  could  be 
watersheds , 


roads.  These  units 
termed  fifth  order 


Physical  Zones;  The  units  in  this  classification  are  the  generalized 
zones  referred  to  in  Section  I.  These  zones  are  based  on  a broad  grouping 
of  the  soil,  slope  and  erosion  delineations  slioim  on  the  reconnaissance  ■ 
conservation  sur\^ey  map.  This  classification  made  possible  the  grouping 
of  second  order  watersheds  in  order  to  have  a systematic  basis  for  the 
selection  of  sample  units  for  vallejr  s edimentation  surveys.  It  also  formed 
a natural  division  of  the  first  order  valleys  into  reaches.  For  the  loca- 
tion of  these  zones  see  Figure  A-2, 


Major  Physical  Delineations:  The  diyisions  delineated  on  the  reconnaissance 

conseryation  ma.p  were  used  as  a basis  for  the  selection  of  farm  samples 
on  which  the  volume  of  sediment  in  third  order  watersheds  was  determined. 

Measurement  of  Deposition 

Deposits  in  Valley  Segments : The  volume  of  modern  d enosit  on  the  main 

bottoms  of  the  first  and  second  order  watersheds  was  secured  on  valle^r 
segments  at  regular  intervals  one-half  mile  in  length  and  three  to  six 
miles  apart. 

The  area  of  sedimentation  ivas  delineated  on  aerial  photographs  in 
each  segment.  Sediment  depth  'was  determined  by  borings  along  range  for 
each  segment.  The  yolume  of  sediment  in  acre-feet  for  each  segment  was 
coFiputed  from  these  areas  and  depth  of  deposits-  expanded  to  a reach  of 
the  valley  half-?fay  to  the  adjacent  segments. 

The  volume  of  modern  deposits  in  the  form  of  alluvial  fans  on  high- 
terraces  was  determined  on  each  valley  segment.  The  area  of  deposit  was 
delineated  on  aerial  photographs  and  the  average  depth  was  determined  by 
boring  parallel  ranges  400  to  600  feet  apart  across  these  areas.  The 
volume  in  acre-feet  per  valley  mile  was  computed  and  expanded  to  the  por- 
tion of  the  valley  half-eray  to  the  adjacent  segments. 

The  second  order  watersheds  were  classified  further  in  relation  to 
their  position  in  each  of  the  physical  zones.  Sample  segments  vrere  selected 
in  relation  to  these  various  classes. 

Deposition  in  the  third  order  valleys:  The  deposits  in  third  order  water- 

sheds occur  along  small  stream  v alleys  and  in  traps  above  fences  and  roads 
(See  Figure  A-3) . The  average  depth  of  sediment  in  each  small  valley  was 
secured  along  range  lines  at  intervals  of  approximately  1500  feet  (See 
Figure  A-3).  The  average  depth  of  modern  deposit  in  the  small  areas, 
trapped  above  fences  and  roads,  vras  determined  by  borings  along  a line 
across  the  middle  of  the  area,  Tlie  average  depth  of  deposit  in  all  cases 
was  a weighted  average  along  the  range  lines. 

These  areas  of  sediment  deposit  were  delineated  on  the  detailed  con- 
servation map^  in  the  m^amner  illustrated  by  Figure  A-4,  for  each  40-acre 
unit  of  sample  farms.  The  volume  of  deposit  in  acre-feot  ut.s  computed 
from  these  areas. 
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These  sample  farms  were  each  given  a n'omber  on  the  upper  center  part 
of  the  map  (See  Figure  A-4) . Each  of  these  farms  was  divided  into  40- 
acre  units.  The  average  depth  of  soil  in  feet  and  the  area  in  acres  is 
indicated  on  the  margin  of  the  map.  Also  opposite  each  unit  there  is  an 
equation  which  is  as  follows ; 

II I -9  or  40-acre  Unit  Class  - Soil  Type 
C - 3 Slope  - Erosion  Class 

The  soil  type^  slope  and  erosion  corresponds  to  those  on  the  re- 
connaissance consenration  survey  map.  The  number  of  the  40-acre  unit 
is  indicated  at  the  left  of  the  equation^  as  2 - III-9 . The  volume 

C - 3 

of  sediment  in  acre-feet  is  shown  at  the  right  of  the  equation  as 
2 ^ I II -9  1.1  acre-feet, 

C ^ 3 

The  volume  of  sediment  was  then  compiled  in  the  manner  illustrated 
by  Table  A-7.  To  make  it  possible  tc  check  back  to  the  farm,  map  from 
these  tables,  the  farmi  numbers  and  40-acre  unit  numbers  were  inserted 
just  above  each  sediment  volume  figure  and  underscored.  The  volumie  of 
sediment  for  each  physical  delineation  in  these  units  Y7as  computed  and 
recorded  in  Table  A-8.’  ' . - . 

It  was  determined  that  the  number  of  these  units  mthin  a given 
tliird  order  watershed  have  a uniform  ratio  as  follows  ^ 

Unit  1 Unit  2 Unit  3 

1 2 4 

To  determine  the  volume  of  upland  deposits  per  square  mile  in  each  ph^^'S- 
ical  delineation  these  units  vrere  expanded  in  proportion  to  the  above 
ratios.  These  figures ■ resulted  in  total  deposition  in  acre-feet  per 
square  mile  per  delineation  oer  third  order  watershed.  In  other  studies 
(land  use,  hydrologic,  soils)  it  was  found  that  differences  between  some 
of  the  delineations  were  not  significant.  In  light  of  this,  some  of  the 
delineations  were  grouped.  The  third  order  deposition  units  v-rere  also 
grouped  in  order  that  uniformity  would  exist.  After  grouping  the  delin- 
eations, the  third  order  deposition  per  delineation,  in  acre-feet  per 
square  mile,  becam.e  as  follows: 
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Erosion  less  third  order  deposition  is  shown  in  Table  A-9.  This 
table  shows  the  volume  of  deposit  passing  from  the  third  order  watersheds 
to  the  larger  streams. 


FARM  NO.  02 


I 


HI  9 
8 Z 


1.7 


14  Acrtt  of  StdimtM 
It  Stdimtnt  Dtpth 


f.6  Aerot  of  Sodimont 
0.6  Sodimofit  Oopth 


m 9 

4 -^0.6 

0.7  Acres  of  Sediment 
0.8  Sediment  Depth 


JLi 

• c.« 


HI  9 
B-2 


- 2.1 


2.1  Acres  of  Sediment 
1 .0  Sediment  Depth 


U 


Figure 


No  A -4- 


NOTE>  LC6EN0  ATTACHED 


SOIL  TYPES 

SLOPE 

CONSERVATION  SURVEY  MAP 

SYMBOL 

MAME 

SYMBOL 

PERCENT 

9 

26d 

Marehall  ellt  loea 
Vatash^Judeon  ellt  loaa 

A 

0-? 

LITTLi.  SI'UX  FLOOD  CONTROL.  CH£ROk>:£.  IC«A 

B 

2-6 

AGREEMENT  NO.  - 

C 

0-12 

J.  Clfiueeen 

Ar>nor«Q  Ida  County 

0 

12-ld 

OPERATOR- Mud tML  

AOORESSa-.— , r a— 

RCAIF  : 1 mile  ^ ACRES 

E 

18- 

over 

legal  OESCRlPTlON_|:ag^|.L„_|AB^^a^- 

LAND  use  CAPABILITY  LEOENO 

I 1 IT  1 HI  IZ  X 

AERIAL  INDEX  NO.  BKIN-3-5S 

i 

J 


L-812 


TABLE  A-6 


II  ORDER  WATERSHEDS 


Creek  Name 


Tributary  to 


Sub  Physical 

Class  Zones 
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Open  Plain 

B 

4 

Big  Whiskey 
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TABLE  A“7o  *SJJliW.RY  OF  THIRD  ORDER  SLUI?/ILWT  DEPOSITION  (in  acre- 

feet)  BY  40-ACRE  UNITS  FOR  MJOR  DELINEATIONS  UNYOLVING 
SOIL  GROUP  9 
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TABLE  A-8c  AWR'C-^  DEPOSIT  IP  /'CRE-FEET  5rd  ORDER  WJMERSHEDS 
PRO^'-i  CONSERVATION.  SURVEY  M/ P 40  PORE  UNITS 
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Determination  of  Sediment  Repching  Drainag:e  Districts;  By  subtracting 
the  third  order  deposition  from  the  estimated  erosion  deri.ved  in 
Section  IV  of  this  Appendix  the  deli verj-  of  sediment  to  the  second  order 
streams  is  determined.  The  deliveries  from  each  phj^sical  delineation 
is  sho7/n  by  Table  A-9.  These  values  vrere  used  to  est5.mate  the  total 
delivery  of  sediment  to  second  order  streams  lYithin  each  of  Zones  2^  3 
and  4.  Tables  A-10  and  A^ll  are  examples  of  the  calculations  all  of 
which  were  made  by  individual  aratersheds^  or  groups  of  small  water- 
sheds discharging  into  the  Missouri  Pdver  alluvial  plain. 

Given  the  deliveries  of  sediment  by  zones  it  was  possible  to  route 
the  sediment,  zone 'by  zone,  to  the  drainage  districts;  subtracting  from 
the  material  entering  each  zone  the  volume  deposited  along  the  main 
streams  therein.  By  this  procedure  it  was  determined : 

1 - That  anproximately  21,52  percent  of  the  sedim'ent  deposited 

in  the  drainage  ditches  com.es  from,  the  major  gullies  of 

Division  B, 

2 - That  43.75  percent  of  tiiis  sediment  is  the  result  of  sheet 

erosion  and  small  gullies  on  the  lands  of  Division  A. 

3 ~ That  34.73  percent  originates  on  the  lands  of  Division  B, 


TABLE  A -9.  VOLUI''IE  OF  SEDIFENT  DFLIVERED  TO  SECOND 

ORDER  STRFA^'fS  IN  I CRE-FEET  PER  SQUFRE  MILE 
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TABLE  A-11.  NET  SEDI14ENT  CONTRIBUTION  (acre-feet)  .ATD  PERCENTAGE  DISTRIBUTION 

OF  CONTRIBUTION  BY  DELINEATIONS  AJ'iD  ZONES  FOR  DEi.DUliUI  AND  VfflISKEY  CREEKS 
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SECTION  I - DMCAGE  APPRAISAL 


Crop  and  Pasture  Damages  on  Main  Stems 

Rural  flood  damage  schedules  were  taken  on  farms  located  in  half- 
mile  strips  across  the  valle^^  in  each  sixth  valley  mile  on  the  Little 
Sioux,  Maple,  West  Fork,  and  Elliott.  A completed  schedule  is  shoY^rn  in 
Table  B— 1,  Sheet  1 of  the  schedule  was  completed  for  each  farm,  and 
Sheet  2 was  completed  for  each  flood  that  the  oYmer  or  operator  could 
recall. 

The  data  on  Sheet  2,  acres  of  land  flooded  and  acres  destroyed, 
were  tabulated  and  summarized  in  the  follomng  classification: 

1.  Stream  - Little  Sioux,  lla,ple,  etc. 

2.  Tim-e  of  Occur’rence  - April  S,  1932,  June  13,  1929^  etc. 

3.  Land  Use  - Corn,  small  grain,  haY^-,  etc. 

4.  Lepth  of  Inundation  - 0 to  1,  1 to  2,  2 to  3,  3 to  4,  4 to  5, 
and  over  5- 

5.  Duration  of  Inundation  - 0 to  43,  48  to  72,  72  or  more  hours. 

The  example  used  in  Table  B-2  shows  the  acres  of  corn  flooded  and 
destro3^ed  by  one  flood. 

Each  land  use  was  summarized  in  this  manner  for  each  flood  reported. 

The  different  floods  as  recorded  in  Table  B-2  were  sumnarized  bj?^ 
half-month  periods  in  Table  B-3.  That  is,  all  floods  that  occurred 
during  any  half-month  of  the  gromng  season,  April  through  September, 
were  grouped  regardless  of  the  3'ear  of  occurrence  bj^  the  folloY/ing  periods 
April  1 to  15,  April  15  to  30,  May  1 to  15,  etc.  Thus  in  the  example 
shown  in  Table  B-2  the  totals  of  all  corn  acres  flooded  and  destr 03^0!  are 
listed  for  all  floods  occurring  in  the  first  half  of  June.  The  totals 
of  this  table  therefore  show  all  acres  of  the  crop  that  were  flooded 
during  this  part  of  the  season  ymthin  the  memories  of  the  present  opera- 
tors of  the  sample  farms. 

The  totals  of  Table  B— 3 were  next  summarized  for  the  entire  water- 
shed to  ascertain  what  proportion  in  the  flooded  area  of  different  crops 
was  destroyed  under  the  various  conditions  of  inundation,  during  any 
half -month  period.  The  percentage  of  corn  acreage  destroyed  from  June  1 
to  June  15  obtained  in  the  above  manner  is  shovm  in  Table  B-4.  The  ner- 
centages  for  the  first  and  last  half  of  each  month  were  then  combined 
to  secure  a percentage  figure  for  each  month  in  order  to  have  figures  on 
the  sam.e  basis  as  hydrologic  calculations  — Table  B-5, 

The  flooded  area  of  each  stream  was  divided  into  increments  of  one 
foot  stages  of  flooded  area.  The  area  inundated  to  the  greatest  depth 
was  designated  as  increment  1,  (Table  3-1)  The  area  inundated  1 foot 
less  than  increment  1 was  designated  as  increiment  2,  etc.  until  the  entire 
flooded  area  was  classified  as  shown  on  Sheet  2 of  the  schedules.  The 
acreage  of  corn,  small  grain,  hay,  oasture,  and  waste  in  each  increment 
was  then  suirnnarized  from  the  schedules.  Those  acreages  were  reduced  to  a 
percentage  figure  as  shovm  in  Table  B— 6.  1 


T-BLE  B-1.  PURAL  FLOOD  DAMAGE 


Sheet  1 


U.S.D>A. -FLOOD  CONTROL  SURWS  - UPPER  MISSISSIPPI  .VALLEY  AREA 


Stream  Little  Sioux  Reach 


Strip  No, 

21 

photo  Ho,  BZK-2-75  Pam  No,  3 

Inspector 

Hugo  Holm 

Date  of  Inspection  9-25  1940 

Owner 

Sorenson  Estate 

Operator  Christo fferson 

Date  of  Record  Flood  June  1891 
Record  Flood:  Acreage  and  land  use  for  season  1940  _ 


Land  Use 

Corn 

Sm.  Grain 
Oats  - 44- 
Soy  B.  - 9 

Hay 

Clover  -11 
Beans  - 10  Pasture 

/ 

Yfaste  Other 

Total 

Flooded 

39 

53 

21  56 

169 

Not  Flooded 

17 

24 

6 

4 

51 

Total 

56 

77 

21  62 

4 

220 

Prospective  s 

alvage  by 

reseeding 

acres  to 

A 

>{p 

Building  va.lue  $ 

Damage 

% 1; 

Loss  of  Livestock  $ 

Equipment  Other 

Debris  removal 

Acres 

@ silt 

A 

Fences,  roads 

, ditches 

, etc. 

rdso@  C' 

General  Rem.arks:  High  water  in 

Little  Sioux  holds 

back 

water  in  Meadow  Creek 

which  then  overflows. 

Drains  off  when  Little  Dioux 

recedes , 

t 

(a)  Percentage  of  flood  damage  chargeable  to  (l)o  Main  stream  water  % 

/ '' 

(S).  Main  stream  deposition  (3)o  Side  stream  and  side  - hill 

water  (4)o  Side  stream  and  side-hill  water  deposition  • 

(b)  Approxmate  number  of  floods  during  pa.st  50  years  mth  volumes  compara.ble  to 

those  described  in  detail:  (l)  (2)  (3)  (4) 

(c)  Mention  carry  over  damage  if  any  occurs  from  water  and  deposition  not  covered 
in  current  flood  damage  deta.ils. 

(d)  Give  approximate  yields  in  non-flood  years:  Corn  50  bu.  WoWheat  bu. 

SoWheat bu.  Soybeans  20  bu.  Barley  35  bu.  Flax  12  bu.  Rye  bu.  Oats  50 

Alfr-lfa  hay  2 T.  Other  hay  1 t.  Pasture  A.U.M.  per  100  acres  . Ig-  per  cov.^ 


(continued  on  next  page) 


TABLE  B-1  (continued) 


Sheet  2 


OPERA-TOR’S  NAJ'IE  Christoff erson 

Flood  No. 


STRIP  NO. PHOTO  NO.  BZK’-2~75 

Dnte  June  8 1937 


Table  C 


[Crop  or 
'Land  Use 

Estimated  percentage  of  dajna 

go  and  area 

s inundated  at  given  depths 

Hrs « of 

Dura.7 

tion 

t— 1 

1 

o 

l'-2‘ 

2»- 

3» 

3»- 

4* 

4 '-5’  Over 

5» 

Tot.  A’s 
Flooded 

Area.  % 

Area  % 

Area 

Area 

Area  % Area 

Corn 

0-48- 

Corn 

14  100 

14  100 

21 

100 

14 

100 

49-72 

Srn.Gra  in 

0-48 

Sm. Grain 

12  100 

18  ' 100 

15 

100 

5 

100 

49-72 

Sm.  Grain 

73  4 

Hay 

0-48 

Hay 

49-72 

Hay 

73  4; 

Pasture 

• 

0 

1 

00.  ... 

pasture 

4 100 

11  100 

15 

100 

26 

100 

49-72 

Pasture 

73  4- 

Yi'rste 

"\r 

(^i) 

(3) 

(2) 

(1) 

Prospective  salvage  by 

reseeding 

acres  to 

Building  value 

Damage 

% - 

Loss  of  Livestock 

Equip.  5 

Other  i 

Debris  Removal 

acres  @ C 

silt  1 

6: 

25.00 

Fences,  roads,  ditches. 

etc  0 

rd  s . B 

0 

40.00 

GenercTl  Remr.rks : 


(r)  Estimrte  percentrge  of  flood  drmr.ge  chargeable  to  (l)o  Tfrin  stre^^m  vfater  % 

(2),  Mrin  streen  deposition  %o  (3).  Side  stremn  rnd  side-hill  wcter  % 

w Give  approximrte  number  of  floods  during  past  50  yca,rs  v/ith  volumes  comparrble 
to  those  described  in  detail:  (l)  (2)  (3)  (4)  . 

(c)  Mention  carry-over  damage  if  any  occurs  from  water  and  deposition  not  covered 
in  current  flood  damage  details. 

Hugo  Holm D/-TE  9-25 19  40 


INTER’^/IMER 
(l)  Increment  Number 


TABLE  B-2.  TOTAL  ACREAGE  FLOODED  AND  CQRI{ESPOIIDING  ACREAGE  DESTROYED  BY 

FLOODS  ON  THE  SAMPLE  FAR?iS  IN  TilE  FLOOD  PUIN  - LITTLE  SIOUX  RIVER 


Land 

strip 

Photo 

Farm 

Time  of 

0 to  1 

foot  depth 

1 to 

2 feet  depth 

2 to  3 feet  depth 

Use 

No. 

No. 

No. 

Flood  Oc- 

0 to 

48  hrs. 

49 

to  72  73  or 

more 

0 to 

48  hrs. 

49  to 

72  73  or 

more 

0 to 

48  hrs.  49 

to  72  73  or 

more 

ourrenoe 

F l/ 

D 1/ 

F 

D F 

D 

F 

D 

F 

D F 

D 

F 

D F 

D F 

D 

acres 

acres 

acres 

Corn 

13 

BKK-4-27 

2 

6-18-37 

4 

4 

5 

3 

If 

14 

B2K-4-48 

1 

It 

6 

6 

6 

6 

N 

14 

n 

2 

H 

3 

3 

5 

5 

n 

15 

BZK-1-32 

1 

n 

2 

2 

4 

4 

4 

4 

n 

15 

n 

2 

If 

4 

4 

12 

12 

15 

16 

II 

16 

BZK-l-190 

1 

w 

5 

6 

5 

5 

10 

10 

n 

16 

n 

2 

tf 

5 

6 

10 

10 

6 

5 

n 

18 

BZK-2-109 

2 

It 

10 

10 

n 

20 

BZK-2-7S 

1 

ft 

16 

16 

18 

18 

n 

20 

« 

2 

t1 

27 

27 

48 

48 

25 

25 

n 

20 

BZK-2-75 

3 

tt 

10 

10 

26 

26 

10 

10 

« 

21 

BZK-2-45 

2 

n 

30 

30 

44 

44 

46 

46 

It 

21 

It 

3 

Tt 

14 

14 

14 

14 

21 

21 

Total 

13 

13 

64 

54  69 

69 

14 

14 

68 

68  122 

122 

- 

67 

67  69 

69 

y Flooded  2/  Destroyed 


(ooatlnued  on  next  pege) 
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TABLE  B-2.  (continued) 


Land 

Use 

Strip 

No. 

Photo 

No. 

Farm 

No. 

Time  of 
Flood  Oc- 
cur rence 

3 to 

4 feet  depth 

4 to  5 feet  depth 

Over  5 feet  depth 

0 

to 

48  hrs. 

49  to  72  73  or 

more 

0 to  48  hrs.  49  to  72  73  or  more 

0 to  48  hrs.  49  to  72  73  or  more 

F 

y 

D 1/ 

F -D  F 

D 

F D F D F D 

F D D F D 

acres 

acres 

acres 

Corn 

13 

BKK-4-27 

2 

. 6-18-37 

• 

n 

14 

B2K-4-48 

1 

n 

n 

14 

n 

2 

rt 

n 

15 

BZK-1-32 

1 

n 

- 

fi 

15 

II 

2 

ft 

5 

5 

M 

16 

B2K-1-190 

1 

11 

n 

16 

tt 

2 

n 

■ 

n 

18 

BZK-2-109 

2 

M 

II 

20 

BZK-2-75 

1 

n 

n 

20 

rt 

2 

M 

tl 

20 

n 

3 

tl 

It 

21 

B2K-2-4S 

2 

ft 

37  37 

II 

21 

II 

3 

n 

14  14 

Total 

61  61  5 

5 

Flooded 


2/  Destroyed 


‘Vf 

■ - 


T' 


‘' ‘'"f^  'S" 

* -.  .■  '*^T3ttr,  ■• 

_ jrtf 
5- 

-v^. 


I 


■ i . 

r*4K^  ^ i 

^ o ^ r3{. 


•-  '- '■f  ■•  L '*‘^'W- 

u^AT  ■‘f: 

m»<w-/:CT:;^-i^^--^  ^ .> / ,W\'W  'tf ^ai.- 


VS 


r \sa._  \l  f ; 


■ ‘ ■ s>  6W-S-XS8  91 

'-^  '• ;:  . •*■ '-  ■ ■' 


•scclY  octod^  _ qit#8 

■wsO  iroal^*  ' *08 


«»^ll>a>ll|iiyi|»J|  1 1^ 


TIWJJVS!?  . S.,4;®  ,tS-*-22ffl 

5^^  .■>  . [•  \ 


B*-^X38  ^ ‘ n • 


^ ^ 

* '•^.‘7'C:  S ■ • ■ ".“■  « 

" x^T,s^t-2aK!  •'  ax 

^ r.U'fr- 


-M  -oex-i^nss 

i *V 


■ ■ •'  -^  -P  ' .":.® 

iPti 

Kjsr^  . ^ ^*.  --^ 

^pcc- , 

- 


Vt>  ■■  ...  ■•  ■ :*'  '.r.:r  '■  *■■  '>  ^ 

a7-Sr2SS  OS  ^ 

_,.  5«^:: 

».^  02  ■■' 

- 


ys^ 

- X 


i^‘'5r;.kr  ij^j.*.,,. 


' *4* 

■>- ' '^.:  rV- 


v■^>^T^-•'V^^-<•^^  ’.^-  7.  i ,*' V < .,- 

J».-r  ^ ■ •■■•«  * ^ w*^  -uk;-^  -r5..r'  '-»  - •'.  *L  1 


IS 

. -2 " 


■»  I ' 

V \ J N*i^A'  . • 

.a ' ' 


TABLE  B-3.  TOTAL  ACREAGE  FLOODED  AND  CORRESPONDING  ACREAGE  DESTROYED  BY 
HALF-MONTE  PERKfflS  ON  SAMPLE  FARMS  IK  THE  FLOOD  PUIK  - 
LITTU:  SIOUX  RIVER 


Land 

Use 

Strip 

No. 

Photo 

No. 

Farm 

No. 

Time  of 
Flood  Oo- 
ourrenco 

0 to 

1 foot  dep-tti 

1 

to  2 

feet  depth 

2 to  3 

feet 

depth 

0 to 

48  hra. 

49 

to  72 

73  or 

more 

0 to 

48  hrs 

. 49 

to  72 

73  or 

more 

0 to 

48  hrs.  49 

to  72 

73  or 

more 

P 1/ 

D 2/ 

F 

D 

P 

D 

F 

D 

F 

D 

F 

D 

F 

D F 

D 

F 

D 

acres 

aoree 

acres 

Corn 

6-5-02 

18 

15 

36 

35 

5 

5 

59 

66 

5 

5 

75 

76 

m 

6-10-19 

130 

20 

87 

42 

168 

168 

99 

14 

135 

120 

367 

367 

10 

10 

461 

451 

n 

6-13-29 

40 

40 

142 

42 

37 

57 

It 

6-5-31 

3 

3 

60 

50 

9 

9 

50 

50 

tl 

6-3-35 

14 

7 

18 

10 

9 

9 

t1 

- ■ 

6—6—36 

10 

6 

51 

60 

14 

6 

86 

84 

9 

1 61 

61 

tt 

... 

6-8-37 

13 

13 

54 

54 

69 

69 

14 

14 

58 

68 

122 

122 

67 

67 

69 

69 

n 

-■ 

6-3-40 

148 

61 

120 

95 

6 

5 

60 

25 

96 

85 

25 

26  ; 

i 

Total 

6-1  to  16 

301 

100 

264 

211 

442 

417 

133 

39 

602 

353 

693 

680 

9 

1 189 

189 

620 

620 

- 1/  Flooded  ll  IX>«troyed 


(continued  on  next  page) 
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table  • (o  ontinued ) 


Land  Strip  Photo  Fann 

Use  No.  No.  No. 

Tima  of 
Flood  Oo- 
ourrence 

0 

F 

3 to  4 feet 
to  48  hrs.  49  to  72 

depth 
73  or 

more 

4 to  5 feet  depth 
0 to  48  hrs.  49  to  72  73 

or  more 

0 

Over  5 feet  depth 
to  48  hrs.  49  to  72  73  or 

more 

• r..  V ■ 

^ ^ Sj  F D 

aores 

F 

D 

F D P D F 

aores 

D 

F 

D F D F 

aores 

D 

Corn 

6-5-02 

30 

30 

5 

5 

R 

6-10-19 

158 

158  • 

20 

20 

M 

6-13-29 

20  20 

■■* 

» 

6-5-31 

R 

6-3-33 

n ' ■- 

6—6—56 

36  36 

K 

• 7/", 

'*■- 

t 

6-8-37 

. - ■ 51  51 

5 

5 

■ 

; -■  - 

•y 

n-*.  ':  '^V,;  i..  . , ; 

y ...  . 

6-3-40 

' - i ’ - • • " 

• . 

' ■ ; ' " 

■<  . 

' ■■  ■'  ■. 

: - ' ’ Total 

6-1  to  15 

107  107 

193 

193  ^ 

, 25 

25 

* ' 

’''ii 

*'  .. 

, 

! ' ...  , ■'  ■ ..’ 

' 

Flooded 

. * ’ *'■ 

^ Destroyed 

; '-i 

- ■' .. 

. I 

■^4 

... 

• 'A.-  ■ - 
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TABLE  B-4o  PERCENT  OF  FLOODED  CROP  AREA 

DESTROYED  BY  H/LF-MONTH  PERIODS 
BY  VARIOUS  DFPTHS  AND  DUR.\TIONS 
OF  INUNDATION 


Depth  and 
Duration 

Date 

Land  Use 

Percent  of  Flooded 
Crops  Destroyed 

- / 

0 - 1» 

- 

— 

0-48  hours 

6-1  to  6-15 

Corn 

29 

49-72  hours 

It 

tv 

86 

73  ♦ hours 

M 

tv 

96 

1 - 2» 

-< 

0-48  hours 

tt 

32 

49-72  hours 

1t 

^ tv 

92 

73  -*•  hours 

n 

tt 

99 

2-3’ 

0-48  hours 

I* 

tt 

36 

49-72  hours 

99 

73  4 hours 

1 t» 

tt 

100 

3-4’ 

- 

0-48  hours 

M 

tt 

40  1/ 

49-72 

tl 

'tt 

100 

73  - hours 

tv 

tv 

100 

4 - 5» 

0-48  hours 

t1 

tv 

50 

49-72  hours 

vt 

tt 

100 

73  4 hours 

tv 

tt 

100 

Over  5 ’ 

' 

0-48  hours 

n 

tt 

60 

49-72  hours 

tv  ' 

100 

73  4 hours 

tt 

tv 

100 

1/  Figures  underlined  are  interpolated 


■i- 

ft 


% 

B. 

' 


TABLE  B-5.  PERCENT  OF  FLOODED  CROP  ARE/-  DESTROYED 
BY  MONTHS  BY  VARIOUS  DEPTHS  AND  DUR- 
ATIONS OF  INUNDATION 


Depth  and 
Duration 

Date 

Land  Use 

Percent  of  Flooded 
Area  Destroyed 

0-1* 

0-48  hours 

/ 

6-1  to  6-15 

Corn 

50 

49-72  hours 

tT 

tt 

82 

73  ^ hours 

\\ 

tt 

95 

1-2* 

0-48  hours 

!t 

It 

52 

49-72  hours 

tt 

tt 

87 

73  r hours 

It 

100 

2-3* 

- 

0-48  hours 

«t 

68 

49-72  hours 

» 

tt 

100 

73  hours 

It 

100 

3-4* 

0-48  hours 

n 

„ tt 

70 

49-72  hours 

n 

ft 

100 

73  4 hours 

It 

tt 

100 

4-5* 

- 

0-48  hours 

tt 

75 

49-72  hours 

n 

tt 

■ 100 

73  - hours 

ti 

tt 

100 

Over  5’ 

0-48  hours 

tt 

tt 

80 

49-72  hours 

tt 

tt 

100 

73  4 hours 

tt 

tt 

100 

. . . . .t  1 .1 

Miscellaneous  flood  damage  consisting  of  debris  removal,  damage  to 
fences,  etc.,  as  listed  on  Sheet  2 of  the  schedules,  was  sijmimarized. 

This  total  damage  was  divided  by  the  total  acres  flooded  to  determine  the 
damage  per  acre  of  the  area  flooded  of  each  stream  ~ Table  B-7. 

The  total  acres  destroj^ed  as  given  on  Sheet  2 of  the  schedule  were 
summarized  by  crops  into  four  classifications;  damage  done  by  (l)  main 
stream  water,  (2)  main  stream  deposition,  (3)  side  stream  and  side  hill 
water,  (4)  side  stream  and  side  hill  deposition. 

Average  yields  per  acre  of  all  crops  in  the  flood  plain  were  sum- 
marized from  Sheet  1 of  the  schedule.  These  represent  average  yields 
in  the  flood  plain  for  non-flood  years. 

The  1940  land  use  on  the  area  flooded  in  I89I  as  shown  on  Sheet  1 
of  the  schedule  was  summarized  to  obtain  the  total  acres  of  each  crop 
produced.  These  acreages  were  converted  to  a percentage  figure  for  the 
broad  classifications  of  corn,  sma<ll  grain,  hay,  pasture,  waste  and 
other.  The  acreages  of  small  grain  and  hay  Yiere  further  broken  down  to 
a percentage  in  the  flood  plain. 

The  average  farm  prices  of  agricultural  commodities  based  on  1930 
to  1939  ferm  prices  in  Northwest  Iowa  were  used  - Table  B-8,  These 
prices  combined  with  the  average  jrLelds  of  non— flood  years  were  used 
in  canputing  the  value  per  acre  of  all  crops  in  the  flood  plain,  A 
composite  value  per  acre  of  all  small 'grain  a nd  hay  crops  was  computed 
on  the  percentage  of  the  total  acreage  each  represents  - Table  B-9  and 
Table  B-10. 

In  order  to  determine  flood  damage  to  any  crop  during  the  growing 
season,  the  following  basic  data  and  assumptions  were  used; 


The  percentage  of  farm  work  done  by. tractors  in  Iowa  is  as 
follows;  Plowing  82  percent,  corn  cultivating  58  percent,  corn  planting 
10  percent,  disking  75  percent,  harromng  64  percent. 

Labor  power  and  machinery  charges  were  assumed  as  follows; 


yian  labor 
Horse  power 
Tractor  (2  plow) 

liiachinery  cost  per  acres  of  corn  (husked) 
Machine r^T-  cost  per  acres  of  small  grain 
Machinery  cost  per  acres  of  hay 


1 .20 

per 

hour  2/ 

.09 

per 

hour  2/ 

.55 

per 

hour  2j/ 

1.24 

2/ 

.90 

2/ 

.40 

2/ 

Cash  tractor  costs  (including  fuel  and  oil  and  miscellaneous  costs) 
4/  are  estimated  at  approximately  60  oercent  of  the  total  tractor  costs. 
Costs  of  horse  pwiTer  are  assumed  to  be  non-cash-items . 


Footnotes  1,  2,  and  3 are  listed  at  the  bottom  of  page  B-3 


TABLE  B-6»  LAND  USE  PFRCEKTAGES  BY  lUCREMEHTS 


Land  Use 

Increment 

Humber 

1 

% 

0 

/o 

*Z 

kJ 

% 

4 

0/ 

/<> 

5 

% 

6 

% 

Corn 

21,1' 

33o5 

35.1 

41.3 

41.8 

52.1 

Small  Grain 

14,7 

I808 

19.4 

21.8 

17.4 

13.7 

Hay 

lo4 

1.6  ■ 

I08 

2.8 

11.7 

6.8 

Pasture 

51.6 

44. S 

42.5 

33.3 

29.1 

27.4 

Waste 

llc2 

1.2 

1.2 

.8 

.0 

.0 

TABLE  B-7. 

^aSCELLANEOUS  AGRICULTUPAL  FLOOD 
DAl-TAGE  PER  ACRE  FLOODED  l/ 

Stream 

Average  Damage  Per  Acre 

Little  Sioux 

1 0.13 

Maple 

.08 

West  Fork 

0 

CO 

Elliott 

.43 

1/  Fence  dsmage,  debris  removal,  etc. 
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TABLE  B-8 


. AVER/GE  FAT?^:  PRICFS  IN 
THE  LITTLE  SIOUX  RIVER 
WATERSHED  ^ 


Commodity 

Farm  Price 

Grains  per  bushel 

Corn 

$ 0.53 

Wheat 

.74 

Oats 

Ba.rley 

,47 

Soybeans 

.97 

Shelling  charge 

.01 

Roughage  per  ton 

Alfalfa  hay 

10.00 

Mixed  hay 

7.50 

■ Soybean  hay 

8.75 

Yii'ild  hay 

6.00 

Oats  hay 

6.50 

Sudan  hay 

7.00 

Straw 

1.25 

Seed  per  bushel 

Com 

5.06 

Alfalfa 

.13.00 

^ Red  clover 

12.00 

Sweet  clover 

4.00 

1/  Division  of  crops  and  livestock  estimates 
of  Iowa  districts  1 and  4, 


TABLE  B-9« 

COflPOSITE  VALUE  PER  .^CRE  OF  SmLL  GRA.IN 

Crop 

Y ield 
per 
acre 
(buo ) 

Price 

per 

bushel 

t 

Value 

per 

acre 

$ 

Perc entage 
of  total 
acreage 
/o 

Composite 
value  per 
acre 

•ft 

s? 

Oats 

40 

0o28 

11.20 

36 

4.03 

Barley 

32 

o47 

15.04 

22 

3.31 

Y^heat 

25 

.74 

18,50 

34 

6.29 

Soybeans 

23 

.97 

22.31 

8 

1.78 

TOTAL 

15,41 

TABLE  B-10,  C05CP0SITE  VALUE  PER  ACRE  OF  HAY 

Crop 

Yield 
per 
acre 
(tons ) 

Price 

per 

ton 

$ 

Value 

per 

acre 

§ 

Perc entage 
of  total 
acreage 

Composite 
value  per 
acre 

V 

Oats 

1 

6.50 

6.50 

9 

.59 

Soybeans 

2 

8,75 

17.50 

35 

6.13, 

Clover 

lo9 

8.00 

15.20 

26 

3.95 

Alfalfa 

2.2 

10.00 

2 2.00 

23 

5.06 

Mixed 

lol 

6.50 

7.15 

7 

.50 

TOTAL 

16.23 

Gash  Ifachinery  Costs  per  Operation:  Cash  machinery  costs  are  assumed  to 

be  distributed  to  vaiuous  operations  as  follows  ; 


Estimated 

Corn  Cost  per  Acre 

PloiTing  $ 0.30 

Disking  .10 

Plarromng  .05 

Planting  .15 

Karromng  .05 

Cultivating  (3  at  100  each)  _ .30 

Husking  (50  percent  done  by  machine  (6O0  2)),  .30 

I 1.25 

Small  Grain 

Plo7/ing  *30 

Disking  .10 

Seeding  ,15  . 

Harrovving  .05 

Cutting  .30 

$ 0.90 


.20 
.05 
.15 
5 0.40 


1/  U.S.D.A.  Press  release^  Des  Moines  Kegister^  November  24^  1940. 

2^/  Hinnc  Agri.  Exp.  Sta.  Mimeograph  Report  No,  106, 

3/  Second  Annual  Re port -Northwest  Powa  Farm  Business  Association  1939. 
Average  crop  machinery  inventory  was  $847.  Average  cash  expense  for 
equipment  ^'104,00  per  farm,  Issuming  10  percent  crop  machinery  de- 
preciation per  year,  depreciation  and  cash  equipment  expense  equal 
approximatel^r  $1.00  per  crop  acre.  Crop  production  cost  in  Winona 
County,  Kinn.  2/  indicates  that  relative  machinery  cost  per  acre  of 
corn,  sm.all  grain,  and  hay  are  approximately  in  the  ratio  of  3,  2, 
and  1 respectively.  These  ratios  were  used  as  Yreights  and  multi- 
plied by  land  use  percentages  (50  percent  of  cropland  in  corn,  35 
percent  small  grain  and  15  percent  hay)  to  secure  estimated  machinery 
cost  per  acre  of  corn,  small  grain  and  hay. 

4/  Minnesota  Agricultural  Experiment  Station  Mimeograph  Report  No.  107. 


Cutting 

Raking 

Putting  in  barn 
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Selected  costs  per  acre  of  various  fanning  operations ; 


Corn 

Plowing 
Man  labor 
Tractor 
Machinery 


Total  costs  Gash  costs  for  use  in 

selected  items  estimating  flood  losses 


1.6  hours  § ,32  (About'  50 assumed  hired)  .17 

1.6  hours  .88  .53 

-.30  .30 

S 1.50  § 1.00 


Replanting  (2-Disking,  2-Harrovalng  and  Planting) 


Seed 

.61 

Man  labor 

1.8  hours  ^ .36 

Horse  poerer  6,0  hours  5/  .54 

Machinery 

.45 

$ 1.96 

Cultivating 

Man  labor 

,8  hours  ^ .16 

Horse  pcwer^l.6  hrs,50^  ,14 

'Tractor 

2j  .24  hrs50?  ,13 

Machinery 

.10 

Husking 
By  hand 

§ 0.53 

Man  labor  6 hours  ^ 1.20 

Horse  power  11.1  hrs5/l.00 

$ 2.20 


By  machine 

Man  labor  .30 

Fuel  .18 

Oil  and  grease  .05 

Tractor  use  .25 

Repair  on  picker  .06 

Depreciation  .41 

Interest  on  investment  ,10 
Shelter  Cost  .02 

Fire  Insurance  ,04 

Taxes  .01 

$ 1.42 


.61 


.45 


s 1.06 

50;^ 

to 

0 

• 

.08 

.10 

S 0.26 

50% 

.60 

.15 

.18 

.05 

.25 

.06 

.41 

.10 

.02 

.04 


$ 1.26 


Total  cost  per  acre  ^ 
Man  labor  (hauling  and 

storing)  ,60 

Horse  power  , 54 

§ 2.56 


,30 

$ 1.56 


^ Minn,  Agri,  Exp,  Sta,  Tech.  Bui,  138.  ’’Farm  Organization  for  Beef 
Cattle  Production  in  Southwestern  Minnesota” 

^ Dept,  of  Agri,  Economics^  U of  Illinois,  ’’The  Cost  of  Harvesting  Corn 
v/ith  T-wo-Row  Mechanical  Corn  Picker  East  Central  Illinois”,  Sept. 1938, 
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The  follovdng  per  acre  flood  losses  are  based  on  100  percent  destruc- 
tion of  the  crop  and  are  computed  for  half-month  periods. 


Flood  Damage  to  Corn; 


April  1 - 15 

Corn  not  planted  — replowing  the  only  loss 

Gash  cost  of  replo".ving  $ 1.00 

FLOOD  LOSS  1.00 


April  16-30 

Cash  cost  of  reploY/ing  - 1,00 

FLOOD  LOSS  ''  1.00 

May  1-15  • 

Corn  replanted  to  corn  with  no  reduction  in  yield 
Replanting  cost  the  only  loss 

Cash  cost  of  replanting  , 1.06 

FLOOD  LOSS  ' 1.06 

May  16-31 

Corn  replanbc-d  to  corn  yield  reduced  to  30  bu,  per  acre 

Value  of  original  crop  51  bu.  @ $0.53  27,03 

Cash  cost  of  shelling  deducted  ,51 

Cash  cost  of  husking  deducted  ' l.OS 

Cash  cost  of  3 cultivations  deducted  ,78 

Total  cash  costs  deducted  $2,37  24.66 

Cash  cost  of  replanting  added  1.06  25.72 

Cash  cost  of  producing  substitute 

crop  added  1.86  27.58 

Value  of  replanted  crop  (30  bu,  © $0.53  15.90 

Cash  cost  of  shelling  deducted  ,30  15. 6o 

FLOOD  LOSS  s$27.58  minus  $15.60  11.98 

June  1-15 

Corn  replanted  to  soybeans  for  hay 

Values  of  original  crop  27.03 

Gash  cost  of  shelling  deducted  ,51 

Cash  cost  of  husking  deducted  1,08 

Cash  cost  of  2 cultivations  ded,  .52 

Total  cash  costs  deducted  2,11  24.92 

Cash  cost  of  replanting  added  1.60  26.52 

Cash  cost  of  harvesting  replant  crop 

added  .76  27.28 

Value  of  replant  crop  3/4  ton  @ $8,75  6,56 

FLOOD  LOSS  $27.28  minus  $6,56  20,72 

June  16 — 30 

Too  late  to  replant  anj?'  crop 

Value  of  original  crop  27.03 

Cash  cost  of  shelling  deducted  ,51 

Cash  cost  of  husking  deducted  1.08 

Cash  cost  of  1 cultivation  ded,  ,26 

Total  cash  c osts  deducted  1.85  25.18 

FLOOD  LOSS  25.18 


per  acre 


per  acre 
per  acre 

per  acre 
per  acre 
per  acre 
per  acre 


per  aqre 


per  acre 
per  acre 

per  acre 


per  acre 


per  acre 
per  acre 


July  1 to  harvesting  tine 
Value  of  original  crop 
Cash  cost  of  shelling  deducted 
Cash  cost  of  husking  deducted 
Total  cash  costs  deducted 
FLOOD  LOSS 


.51 

1.08 

1.59 


27.03  per  acre 


25.44  per  acre 
25.44  per  acre 


Flood  Damage  to  Small  Grain  (7/heat,  Oats,  Barley  and  Soybeans)  : 
April  1 ~ 15 

Composite  value  of  original  small  grain  crop  freighted 
percentage  of  each  crop  in  flood  plain^  V/heat  34^^^  Oats  36%^ 


Barley  22% ^ Soybeans  8%, 

Cash  cost  of  threshing  deducted  (W.^O.^B.)  1.07 

Cash  cost  of  harvesting  deducted(W.^ O.^B.)  .63 

Total  cash  costs  deducted  1.70 

Cash  cost  replowing  soybeans  added  .08 

Reseeded  to  oats  or  barley  (weighted  — 

Oats  62^^  Barley  38^) 

Cash  cost  of  replanting  added 
Cash  cost  of  haryesting  and  threshing  replant 
crop  added  -!i?l.ll  and  $0.69  or  $1.80 
Value  of  replant  crop  (weighted) 

FLOOD  LOSS  $17.06  minus  $12.65  ' 

April  16-30 

Value  of  original  crop 
Unexpended  cash  costs  deducted  1.07 

Cash  costs  replowing  added  .08 

Cash  cost  of  reseeding  added  1.47 

Cash  cost  of  harvesting  replant 

crop  added  ,76 

Reseeded  to  Oats  and  Soybean  ha2’’  — 

50p  each.  Yield — Oats  1 ton^  beans 
2 tons . Composite  value  of  replant 
crop  ~ Oats  $6.50^  beans  ^*>17.50 
FLOOD  LOSS  $16,02  minus  $12,00 
May  1-15 

Value  of  original  crop 
Total  unexpended  cash  costs  deducted 

Cultivation  0.06 

Threshing  1,20 

Harvesting  ,69 

Total-  ' 1.95 

Reseeded  to  so^^beans  for  hay  (3rield  1-1/2  tons) 
Cash  cost  of  reseeding  added  1,60 

Cash  cost  of  harvesting  replant 

crop  added  ,76 

Value  of  replant  crop  (1--1/2T  © $8.75) 

FLOOD  LOSS  $15.82  minus  $13.12 


15.41  per  acre 


13.71  per 
13.79  per 


acre 

acre 


1.47  15.26  per  acre 


17.06  per 

12,65  per 
4.41  per 

15.41  per 
13.71  per 
13.79  per 
15.26  ner 


acre 

acre 

acre 

acre 

acre 

acre 

acre 


16.02  per  acre 


12.00  per 
4.02  per 


acre 

acre 


15.41  per  acre 


13,46  per  acre 
15.06 


15.82 
13.12  per 
2,70  per 


acre 

acre 
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May  16-31 

Value  of  original  crop 

Unexpended  cash  costs  deducted  1,89 

Cash  cost  of  3 cultivations  (S.3.) 

deducted  .06 

Reseeded-  to  soj^'hoan  hay  (yield  1 ton) 
Cash  cost  of  reseeding  added  1.60 

Cash  cost  of  hamresting  replant 

crop  added  ,76 


Value  of  replanted  crop  (IT.  © $8.75) 


FLOOD  LOSS  $15.82  minus  $8.75 
June  1-15 

Value  of  original  crop 
Unexpended  cash  costs  deducted  1.89 

Cash  cost  of  1 cultivation  ded  S.E.  ,02 

Reseeded  to  soybean  hay  (yield  3/4  ton) 
Cash  cost  of  reseeding  added  1.60 

Cash  cost  of  harvesting  replant  crop 

added  , 76 


Value  of  replant  crop  (3/4  T @ $8.75) 
FLOOD  LOSS  $15.86  minus  $6.56 
June  16  - 30 

Too  late  to  replant  any  crop 
Value  of  original  crop 

Total  unexoended  cash  costs  deducted  1,89 
FLOOD  LOSS 
July  1-15 

Value  of  original  crop 

Total  unexpended  cash  costs  deducted  I.89 
FLOOD  loss' 

July  16  - August  15 
Soybeans  not  cut 
Value  of  original  crop 

Cash  cost  of  threshing  deducted  1.20 

Cash  cost  of  harvesting  soybeans  ded.  ,06 

FLOOD  LOSS 

August  16  - October  15 

Soybeans  not  harvested 
Value  of  original  crop 

Less  oats,  barley,  wheat  (weighted)  13.63 
Less  cash  costs  of  harvesting  and 

threshing  soybeans  .19 

Gash  cost  of  replowing  small,  grain 

land  added  .92 

FLOOD  LOSS 

October  I6  — March  31 

Cash  cost  of  replowing 


15.41  per  acre 
13.52  per  acre 

13.46  per  acre 

15.06  per  acre 

15.82  per  acre 
8.75  per  acre 
7.07  per  acre 

15.41  per  acre 
13.52  per  acre 
13.50  per  acre 

15.10  per  acre 

15.86  per  acre 
6.56  per  acre 
9.30  per  acre 


15.41  per  acre 
13.52  per  acre 
13.52  per  acre 

15.41  per  acre 
13.52  per  acre 
13.52  per  acre 


15.41  per  acre 
14.21  per  acre 
14.15  per  acre 
14.15  per  acre 


15.41  per  acre 
1,78  per  acre 

1,59  per  acre 

2,51  per  acre 
2,51  per  acre 


1.00  per  acre 
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Flood  Damase  to  Hay  (Oats,  Soybeans,  Alfalfa,  Clover, 
composite  percentage  of  each  in  the  flood  plain.  Oats 
Clover  23%,  llixed  7^. 


April  1 ~ 15 

Oats  reseeded  to  oats,  no  reduction  in  ^^'ield 
Cash  cost  of  reseeding  v?l,24  x 9? 

Soybean  replo~'.?ing  §1*00  x 33% 

Alfalfa  reseeded  to  soybeans 

Alfalfa  (Value  of  crop  2.2T  @ -^lo)  §22,00 

Unexpended  cash  cost  deducted  (3  cut- 


tings §2.28)  19.72 
Cash  cost  of  plomng  added  §1.00  20.72 
Cash  cost  of  reseeding  added  §l,6o  22,32 
Cash  cost  of  liarve sting  replant 

crop  added  $0,76  23.08 
Value  of  soybean  crop  (2T  © $8.75)  17.50 


FLOOD  LOSS  $23.08  minus  $17.50  - 5.58  x 2^ 


and  Mixed)  : The 

Alfalfa  26,^, 

Weighted 

Dama.ge 

4 $ 0.11 
4 .35 


1.45 


Clover  reseeded  to  soybeans 


Value  of  clover  crop  (1.9  T,  @ $8,00)  15.20 
Unexpended  cash  costs  deducted  (2  cut- 


tings) 

1.52- 

13.63 

Cash 

cost  of  ploTdng  added 

1.00 

■ 14;6S 

Cash 

cost  of  reseeding  added 

1.60 

16.28 

Cash 

cost  of  liarve  sting  re- 

- 

plant  crop  added 

0.76 

17.04 

Value 

' of  soybean  crop  (2T.  © 

08.75) 

17.50 

FLOOD  LOSS  §9.75  minus  §17.50  minus  §7.75  x 1%  minus 
FLOOD  LOSS 


.11 


llixed  hay  reseeded  to  soybeans 
Value  of  mixed  hay (1.1  T.  Q $6.50 
Unexpended  cash  cost  deducted  .76 
Cash  cost  of  plovTing  added  1.00 
Cash  cost  of  reseeding  added  1.60 
Cash  cost  of  har^/e sting  re- 

, plant  crop  added  ,76 

Value  of  soybean  crop  (2T.  Q $8.75) 
FLOOD  LOSS  §9.75  minus  §17.50  minus 
FLOOD  LOSS 

April  16  - 30  — same  as  Aoril  1 — 15 
FLOOD  LOSS 
i.iay  1-15 

Oats  reseeded  to  soybeans 
Value  of  oats  crop  (IT.  © $6,50) 
Unexpended  cash  cost  ded,  ,76 

Cash  cost  of  ploTwing  and  re- 

se-ding  added  2,60 

Cash  cost  of  lia.]m7e sting  re- 
plant crop  added  ,76 

Value  of  soybeans(l-l/2T.  © $8,75) 
FLOOD  LOSS  §9.10  minus  §13.12  minus 


7.15 

6*39 

7.39 

3.99 


9.75 

17.50 

47.75  X 1%  minus  .54 


1.26  per  acre 

1.2b  per  acre 

6.50 

5.74 

8.34 

9.10 

13.12 

$4.02  X 9^ 

.36 

B^IO 


1 15  (continued) 

So7/beans  reseeded  to  soybeans 
Value  of  original  crop  (2T,  © $8.75)17.50 
Unexpended  cash  costs  deducted  ,76  16.74 

Cash  cost  of  reseeding  added  1.60  18.34 

Cash  cost  of  harvesting  re- 
plant crop  added  ,76  19.10 

Value  of  replant  crop(l-l/2T.@  $8,7513.12 
FLOOD  LOSS  $19.12  minus  $13.12  - 5.9B  x 35p  plus 


Vfeighted 

Damage 


2.09 


Alfalfa  reseeded  to  soybeans 


Value  of  original  crop  22,00 
Unexpended  cash  costs  ded.  2,28  19.72 
CasL  cost  of  plowing  and  re- 


seeding  added  2,60 

22.32 

Cash  cost  of  harvesting ’ replant 

crop  added  ,76 

23.08 

Value  of  replant  croo( 1-1/2T .©$8,7 

5)13.12 

• ^ X 

FLOOD  LOSS  023.08  minus  $13.12  - •$ 

9.96  X 26^  plus 

2.59 

Clover  reseeded  to  soybeans 
Value  of  origina.l  crop 

15.20 

Unexpended  cash  costs  ded.  1.52 

13.68 

Cash  costs  of  plomng  and  re- 
seeding added  2.60 

16.28 

Cash  costs  of  harvesting  re- 
plant crop  added  ■ .76 

17.04 

Value  of  replant  crop 

13.12 

FLOOD  LOSS  $17.04  --  $13.12  - $3.92 

X 23%  plus 

0.90 

sy 


Mixed  reseeded  to  soybeans 
Value  of  original  less  unexpended 

cash  costs  6,39 

Cash  .cost  of  ploT'/ing  and  reseed- 
ing added  2,60  8.99 

Cash  cost  of  harvesting  replant 

crop  - .76  9.75 

Value  of  replant  crop  13.12 

FLOOD  LOSS  $9.75  minus  $13.12  minus  $3.37  x 1%  minus 

FLOOD  LOSS 
16  - 31 

Oats  reseeded  to  soybeans 

Value  of  original  crop  (plus  additions 

and  less  reductions)  8.34 

Cash  cost  of  harvesting  replant 

crop  added  , 0.76  9.10 

Value  of  replant  crop  (IT,  © $6.75)  8.75 

FLOOD  LOSS  $9.10  minus  $8.75  --  $0.35  x 9/^ 


0.24 

4.98  per  acre 


0.03 


Soybeans  reseeded  to  soybeans 

Value  of  original  crop  (plus  additions 

and  less  reductions)  18.34 

Cash  cost  of  harvesting  replant 

crop  added  0.76  19.10 

Value  of  replant  crop  (l  T.©  $8,75)  8.75 

•FLOOD  LOSS  $19.10  minus  |8.75  $10.35  x 35% 


3.62 
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Ma3’’  16  - 31  (continued) 

Alfalfa  reseeded  to  soybeans 

Value  of  original  crop  (plus  additions 

and  less  reductions)  22,-32 

Cash  cost  ^f  harvesting  replant 

crop  added  0.76  23. OB 

Value  of  replant  crop  8.75 

FLOOD  LOSS  $23.08  minus  $8.75  -^14.33  x 26p 

Clover  reseeded  to  soybeans 

Value  of  original _crop  (plus  additions 

and  less  deductions)  16.28 

Cash  cost  of  ham^esting  replant 

crop  added  0.76  17.04 

Value  of  replant  crop  8.75 

FLOOD  LOSS  $17.04  minus  $8.75  $8.29  x 23% 

luixed  reseeded  to  soybeans 

Value  of  original  crop  (plus  additions 

and  less  deductions)  8.99 

Cash  cost  of  harvesting  replant 

crop  added  0.76  9.75 

Value  of  replant  crop  8.75 

FLOOD  LOSS  $9.75  minus  -$8.75  --  1.00  x 1% 
FLOOD  LOSS 
June  1-15 

Oats'  reseeded  to  soybeans 
Value  of  original  crop  (pluss  additions 
and  less  deductions)  8.34 

Cash  cost  of  harvesting  replant 

crop  added  0.76  9.10 

Value  of  replant  crop(3/4T.@  $8.75)  6.56 

FL'OOD  LOSS  $9.10  minus  $6.56  — $2.54  x 9^ 

Soybeans  reseeded  to  soybeans 

Value  of  original  crop  (plus  additions 

and  less  deductions)  18.34  . 

Cash  cost  of  harvesting  repD.ant 

crop  added  0.76  19.10 

Value  of  replant  crop  . 6.56 

FLOOD  LOSS  $19.10  minus  $6. 56  — $12.54  x 35^ 


Alfalfa  to  Soybeans 

Value  of  original  crop  (less  1 cutting 


$7.33) 

14.67 

Unexpended  cash  cost  ded. 

1.52 

13.15 

Cash  cost  of  plo’;ving  and  rer^ 

seeding  added 

2.60 

15.75 

Cash  cost  of  harvesting  re- 

plant  crop  added 
Value  of  replant  crop 

0.76 

16.51 

6.56 

FLOOD  LOSS  $16.51  — $6.56  — $9.95  x 26^ 


'Leigh  ted 
Damage 


3.73 


1.91 


.07 

9.36  per  acrr 


0.23 


4.39 


2.59  per  acr' 


: 1"  I 
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June 


June 


July 


July 


1 - 15  (continued) 

Clover  to  soybeans 

Value  of  clover  (plus  additions 


and  less  deductions) 

16. 2S 

Cash  cost  of  harvesting  replant 

crop  added 

0.75 

17.04 

Value  of  -replant  crop 

6.56 

FLOOD  LOSS  $17.04  $6.56  - 

- IM.48 

X 73% 

liixed  to  sovbeans 


Value  of  mixed  crop  (plus  additions 

and  less  deductions) 

8.99 

Cash  cost  of  harvesting  replant  x 

crop  added 

0.76 

9.75 

Value  of  replant  crop 
FLOOD  LOSS  $9.75  --  $6.56 

$3.19  X 

d 56 
1% 

FLOOD  LOSS 

16  ~ 30  (Too  late  to  reseed 

an^^  crop) 

Value  of  oats  hay 

Less  unexpended  cash  costs 

FLOOD  LOSS  $5.74  x 9? 

0.76 

6.50 

5.74 

Value  of  so7’’beans 

Less  unexpended  cash  costs 

FLOOD  LOSS  $16,74  x 35m 

0.76 

IV.  50 
16.74 

Value  of  alfalfa  (less  1 cutting) 

14.67 

Less  unexpended  cash  costs 
FLQOB  LOSS  ftl3.15  x 26;^ 

1.52 

13.15 

Value  of  clover 

Less  unexpended  x;ssh  costs 

FLOOD  LOSS- $6.84  x 23/^ 

0.76  - 

7.60 

6.S4 

Value  of  mixed  hay 

Bess  iinexpended  cash  costs 

FLOOD  LOSS  $6.39  x 1% 

0.76 

7.15 

6.39 

FLOOD  LOSS 
1-15 

Oats  harvested 

17.50 

Value  of  soybeans 

0.76 

16.74 

Flood  loss  -4i6.74  x 35^ 

Alfalfa  flood  loss 
Clover  flood  loss 
Mixed  hay  flood  loss 
FLOOD  LOSS 
16-  — August  31 
Oats  harvested 
Soybean  flood  loss 

Value  of  alfalfa  7.33 

Less  unexpended  cash  costs  0.76  6,57 

Flood  loss  $6.57  x 26;^ 

Clover  flood  1.oss 
Mixed  hay  flood  loss 
FLOOD  LOSS 


V/eighted 
Dama  ge 


0.22 

9.84  per  acre 


0,52 

5.86 

3.42 


1.57 


0.45 

11.82  per  acre 


5.86  ■ 

3.42 

1.57 

0.45 

11,30  per  acre 


5.86 


1.71 

1.57 

.45 

9.59 


September  1-15 

Soybean  - flood  loss 
Mixed  - flood  loss 


FLOOD  LOSS 


September  16  - March  31 

All  ha3^  crops  harvested 

No  loss  ■ 

In  com.puting  flood  damage  per  acre  to  pasture  by  halfn'ionth  periods^ 
it  was  assumed  that  pasture  damaged  oj  any  flood  y^as  lost  for  the  remain- 
der of  the  year  only,  and  that  it  comes  back  to  full  production  the  follow- 
ing year.  The  loss  was  assumed  to  be  the  unused  portion,  prorated  hj 
half -month  periods.  The  grazing  period  covers  the  six  months.  May  to 
October,  inclusive.  The  average  rent  paid  is  §3.00  per  acre,  Carr;^dng 
capacity  is  tiio  acres  per  animal  unj.t  for  the  six  m.onth  period. 


April  1 to  15 

Flood  loss  §3.00 

April  16  to  30_ 

Flood  loss  - 3.00 

Manr  1 to  15 

Flood  loss  ■ 2,87 

May  15  to  31 

Flood  loss  2,62 

June  1 to  15 

: Flood  loss  2.37 

June  16  to  30 

Flood  loss  2.12 

July  1 to  15 

Flood  loss  1.37 

Julj^  16  to  31 

Flood  loss  ' 1.62 

August  1 to  15 

Flood  loss  1.37 

August  16  to  31 

Flood  loss  1.12 

September  1 to  15 

Flood  loss  - .87 

September  16  to  30 

Flood  loss  .62 

October  1 to  15 

Flood  loss  .37 

October  16  to  31 

Flood  loss  .12 

The  follovring  per  acre  flood  losses  are  based  on  100^  destruction 
of  this  crop  and  are  comnuted  for  each  m.onth  of  the  growing  season.  Each 
monthlj?-  figiu^e  is  an  average  of  the  first  and  second  half  of  the  month. 

Flood  Danicige  to  Corn: 

Aipril  ■ 1,00  per  acre 

May  - 6.52 


Damage  per  acre 


TABLE  B-11. 

FLOOD  DA.MAGF 
BY  DEPTH  and 
FOR  E/CH  MOR] 

PER  /CRE 
DURATION 
["H  OF  THE 

OF  COPjy  FLOODED 
OF  IIRJNDATION 
GRCFilNG  SEASON 

Depth  rnd  Durrtion 
of  Inundrtion 

April 

J/Tpy 

June 

July 

August 

September 

0-1  foot 
0-48  hours 

.30 

1,65 

11.50 

5.10 

1.25 

1.00 

49-72  hours 

.30 

4.25 

18.80 

5.35 

2,55 

1.00 

73  -'  hours 

.30 

4.25 

21.80 

11,95 

6.35 

1.00 

1-2  feet 


0-48  hours 

.30- 

1,95 

11.95 

5.85 

1.25 

1.00 

49-72  hours 

.30 

4.45 

19.95 

14.25 

5.35 

1.00 

73  hours 

.30 

4.45 

22.95 

18.55 

12.20 

1.00 

2-3  feet 

0-48  hours 

' .30 

2.30 

15.60 

^14.75 

2.55 

1.50 

49-72  hours 

.30 

4.45 

22.95 

19.35 

8.40 

1 . 50 

73  - hours 

.30 

4.45 

22.95 

25.45 

17.80 

1.50 

3-4  feet 


0-48  hours 

.30 

2.30 

16.05 

16.55 

6.10 

4.55 

49-72  hours 

.30 

4.45 

22.95 

21.10 

il.45 

4 . 55 

73  b hours 

,30 

4.45 

22.95 

25.45 

19.10 

4.55 

4-5  feet 

0-48  hours 

.30 

2.30 

17.20 

18 . 55 

9,65 

8,15 

4i:9-72  hours 

.30 

4.45 

22,95 

22,90 

15,25 

8.15  - 

73  T hours 

.30 

4,45 

22,95 

25,4-5 

21,60 

8.15 

Over  5 feet 

- 

0-48  hours 

.30 

2,30 

18.35 

20,35 

12,20 

11.95 

49-72  hours 

.30 

4.45 

22.95 

24.15 

17.80 

11.95 

73  4 hours 

.30 

4.45 

22.95 

25.45 

22.90 

11.95 

Dojnrge  schedules  were  rise  t^ken  on  minor  tributrrieso  An  esti- 
mrte  of  rverr.ge  rnnurl  dr'mrge  per  mile  of  strerm  vms  mrde  directly  from 
these  schedules.  The  totrl  rnnurl  drmrge  on  minor'tributrries  wrs  then 
determined  by  multiplying  the  per  mile  drmrge  rrte  by  the  miles  of 
tributrry  effect ed. 


B~14 


July 

August 

September 


25.44  ■per  acre 

25.44 

25.44 


Flood  Damage  to  Small  Grain; 
April 
Hay 
June 
July 
Auigust 
Septerriber 


4.22  oer  acre 
4.89  ‘ 

11.41 

13.84 

8.18 

2.51 


Flood  Damage  to  Hay: 
April 
May 
June 
July 
Augus  t 
September 


1,26  per  acre 
7.17  ' 

10.83 

10.45 

9.59 

3.15 


Flood  Damage  to  Pasture  : 

April 
May 
June 
July 
August 
September 

The  flood  damage  per  acre  to  each  crop  was  computed  for  each  depth 
and  duration  class  for  each  month  of  the-  grovring  season.  The  damage  to 
corn  is  shown  in  Table  E-11.  These  flood  damage  figures  were  obtained 
by  m.ultiplying  the  crop  damage  in  each  month^  as  shovm  abo^^e^  by  the 
percentage  destruction  for  each  crop,  A sample  of  tlie  percentage  destruc- 
tion of  corn  is  sho^'rn  in  Table  B-5. 

Crop  and^Pa.stiire  Damages  on  Tributaries 


3.00  per  acre 

2.75  " 

2.25 

1.75 

1.25 

.75 


Flood  damages  on  tributary  streams  were  obtained  by  taking  field 
schedules  at  half  mile  intervals  along  all  streams  sufficiently^  large  to 
have  been  given  a name.  The  length  of  tributary  streams  on  7rhich  damagds 
are  experienced  was  determined  by  speedometer  readings  and  map  measure- 
ments and  the  average  width  of  flooding  estimated  from  information  supplied 
by  residents. 


Fence,  Highway  and  Railroad  Damages 

• Flood  damages  to  fences,  highways  and  railroads  vrcre  determj.ned  by 
field  fippraisal. 

Damages  on  Missouri  River  Alluvial  Plain 

Da.ma.ges  to  crops  and  pastures  on  the  Mj.ssouri  river  - alluvial  plain 
were  determined  by  the  U,  S.  Engineer  Department  in  the  course  of  an  un- 
completed flood  control  survey  of  the  Little  Sioux  Basin, 


The  filling  of  drainage  ditches  in  this  area  mth  sediment  derived 
from  the  uplands  of  the  watershed  was  determined  h-y  a stiid^,’-  of  the  cost 
of  dredging  ditches. 


SECTION  II  - DISCHARGE-DdZ'AGE  T?EL;TIQNSHIPS 

The  flood  damage  to  crops  Y\ras  determined  'oy  field  appraisal  based 
on  the  depth  of  water  and  the  tim.e  of  inundation  as  discussed  in  Section  I. 
In  order  to  apoly  the  damage  factors  in  this  form  it  was  necessary  to  de- 
termine the  depth  and  time  of  inundation  for  any  flooded  area.  To  do  this 
stream  flow  records  were  used  to  determine  the  average  shape  of  tlie  hydro- 
graph  of  the  streams.  Hydrographs  were  then  set  up  for  several  cross- 
sections  for  concordant  flows.  Figure  3—1  was  prepared  showing  the  time 
of  inundation  for  p.xYy  flow  at  the  cross-sections  for  Inich  hydrographs 
vrere  orepared.  By  interpolating  between  the  lines  shoym^  the  time  of  inun- 
dation can  be  determined  for  any  flow  at  every  cross-section.  Knowing  the 
damage  done  to  crons  for  various  depths  and  tines  of  inundation  and  know- 
ing the  land  use  on  the  area  flooded,  the  damage  for  any  flood  was  comnuted 
Flood.s  of  different  mirgnitudes  irere  selected  to  cover  the  range  and  the 
damage  computed  for  the  months  of  Anril  throi’gh  September^ 

The  damage  ner  acre  for  other  flooded  was  determined  as  shown  in  Table  D-13 
Damage  par  acre  for  other  floods  Y/as  determined  'oy  interpolation  and  the 
total  damage  commuted  by  multioljlng  by  the  acres  flooded.  The  values  were 
plotted  in  constructing  the  discharge  dag'age  curves  for  each  stream  and 
are  shoYm  in  Figures  B-2,  E-3^  B-4,  B-5^  B-6,  3-7^  3-8,  and  B-9. 


WEST  FORK 

TIME  OF  inundation 
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TABLE  B-13.  CROP  ATID  PASTURE  D/J1'-.GES  W MONTHS,  P/LST  FORK  (Lower  Part) 
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SECTION  III  CORRECTION  FOR  SEQUENCE  EFFF, CTS 


ViTith  tho  list  of  flood  peaks  for  each  watershed  under  present  and 
recommended  conditions  and  with  discharge -damage  curves  it  Y/as  possible 
to  determine  the  total  damage  caused  by  each  flood  for  the  evaluation 
period  of  record  if,  at  the  time  of  each  flood,  conditions  had  not  been 
modified  bj^  preceding  floods.  However,  when  two  or ■ more  floods  occurred 
during  the  same  growing  season  the  effect  of  this  sequence  of  events  pre- 
cluded the  determination  of  flood  damage  for  each  flood  solely  by  the  use 
of  discharge-damage  curves  due  to  the  successive  modification  of  the  prime 
damage  by  preceding  floods. 

The  procedui'e  used  to  determine  the  f].ood  damage  by  a scries  of 
floods  in  sequence  'was  as  follorrs.  The  damage  caused  by  the  discharge 
of  the  first  flood  was  read- directly  from  the  discharge-d.amage  curve. 

The  damagesby  the  second,  third,  and  fourth  floods,  if  the^?'  occurred 
close  enough  together  to  result  in  damage  that  Y/ould  be  rnod.iiied  by  the 
effect  of  the  preceding  .floods,  irere  reduced  from,  that  shoam  on  the 
discharge-damage  curve  by  the  folloYdng  formula: 

Damage  (dollars)  = Dp  - Dp  Dq  (l-c) 

— wpp 

in  which: 

Aq  area  flooded  during  the  first  flood  (acres) 

Dq  - the  damage  done  on, area  Aq  during  the  first  flood  (dollars) 

Dp  = the  damage  that  lYould  have  been  done  by  the  second  flood  if 
the  first  flood  had  not  occurred  (dollars) 

d^  — the  damage  per  acre  if  the  entire  crop  r;as  destroyed  at  the 

time  of  the. first  flood.  It  may  also  be  considered  as  the  value 
of  the  crop  per  acre  at  the  time  of  the  first  flood  (dollars) 

c - a replant  factor  viiich  is  the  ratio  of  the  value  of  the  replant 
crop  to  the  value  of  the  original  crop  at  the  time  of  the  first 
flood . 

In  this  formula  it  is  cassumed  that  bach  acre  damaged  mil  be  re-  , 
planted  if  the  season  permits,  and  consideration  is  given  to  the  replant 
value  of  crops  by  seasons,  the  percentage  of  various  crops  on  the  flooded 
area,  and  the  change  in  crop  values  as  the  season  progresses. 

As  an  example  of  the  application  of  this  formula,  the  dama.ge  cal- 
culations for  the  lower  zone  on  Vfest  Fork  for  the  j^ear  1912  arc  shovni  belo\T 


Tabic  B— 14 Damage  Calculations  — West  Fork 


Date 

; Peak 
: discharge 

; c.f.s. 

: Acres  j 

riooded 

: Dana  ge 

: Upper  zone 

Lower  zone 

: Upper  zone  : 

Lovrer  zone 

5-26-12 

680 

0 

140 

0 

49 

6-20-12 

1760 

5 SO 

975 

260 

2662 

8-16-12 

2720 

1280 

1370 

274 

972 

As  the  second  flood  is  larger  than  the  firsts,  the  formula  app?_ies 
to  the  land  flooded  the  second  tj.me;  and  full  damage  must  be  figured 
on  the  balance . 

The  damage  of  a June  flood  of  1760  cfs  is  $2670.  The  damage  of  a 
June  flood  of  680  cfs  is  $325.  Therefore^  the  damage  done  on  the  area 
which  has  not  been  flooded  is  $2670  - $325  or  $2345. 

^2  “ damage  of  a 680  cfs  flood  in  June  r=  $325 

~ the  damage  of  a 680  cfs  flood  in  Ma^r  = $49 

dl  $4.06  from  Table  B~15 

c - .715  from  Table  B-l6 

:::  140  as  shown  in  Table  B-14 

- DpDi  (1-^c)  r 325  - 325  x 49-  (l  ^ .715)  ::: 

d-,A-,  • . 4,.06  X 140 

11 

325  - 15900  X .285  - 325  ~ 8 — $317 

568 

The  total  damage  during  the  June  flood  of  1760  cfs  would  be  2345 
plus  317  or  $2662  as  shovm  in  Table  B—14. 

The  next  flood  occurred  in  August  and  had  a peak  discharge  of 
2720  cfs.  The  damage  of  a 2720  cfs  flood  in  August  is  $1050.  The 
damage  of  a 1760  cfs  flood  in  August  is  '$342.  Tlie  daimage  on  the  area 
which  has  not  been  flooded  is  $1050  - $342  or  $708, 

Dp  - the  damage  of  1760  cfs  flood  in  August  = $342 

D^  ^ the  damage  of  a 1760  cfs  flood  in  June  - $2662  from 
previous  calculations 

d]L  ~ $10.43 — from  Table  B~15 

c = .132- — ^from  Table  B~l6 

A ~ 975  ns  slio?m  in  Table  B~14 

D2  Do  Dt  — 

c=  342  342  X 2662  (l  .132) 

1 1 10.43  X 975 

342  ~ 91600  X .868  = 342  78  r,  $264 

lOlSO 

$264  + 708  :=  $972  ~ the  total  daxiage  during  the  2720  cfs  flood 
in  August. 
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TABLL  B-15o  DAFA.GE  PLil  ACRL  ”d*’  BY  MONTHS  P'OR  100^':$  DESTRUCTION 
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TABLE  B-17o  CALCTILATIOK  OF  Al/ER/aE  /NKIT/L 

BAmCVE.  - PRESENT  Li^'ID  USE,  LITTLE 
SIOUX  RMN  STEM 


Peak  Dis- 

Flood  Damages 

Date 

charge  cfs 

Reach  2 

Reach  3 

Reach  4 

CO 

tH 

1 

CO 

1 

CD 

5429 

18900 

9900 

81000 

4-22-19 

3773 

1610 

300 

5650 

5-29-19 

3196 

1864 

244 

12342 

6-12-19  > 

11214 

49465 

2 5471 

138270 

6-28-19 

6288 

9880 

5380 

32850 

7-14-19 

8698 

16730 

10045 

62040 

8-13-19 

1865 

454 

0 

1347 

5-13-20 

5209 

6600 

4100 

22000 

6-7-20 

5816 

17690 

9460 

73400 

7-11-20 

4213 

5220 

2260 

20000 

5-27-21 

403  5 

3750 

1400 

17500 

4-16-22 

1928 

200 

0 

660 

4-5-24 

1782 

138 

0 

390 

6-29-24 

5502 

18959 

10000 

80876 

8-15-24 

4559 

3000 

1340 

10500 

6-4-25 

2295 

2150 

0 

13000 

6-17-25 

1981 

857 

0 

2770 

4-30-29 

2463 

550 

0 

1660 

6-17-29 

- 2861 

4114 

261 

32486 

5-13-30 

1834 

370 

0 

1350 

6-13-30 

3144 

5282 

730 

46042 

7-17-30 

2861 

1860 

137 

9360 

4-1-32 

4087 

2000 

520 

6100 

4-21-32 

6707 

5342 

2977 

8994 

5-6-32 

2599 

1123 

15 

543  6 

5-26-32 

5i88 

5883 

3681 

20202 

4-2-37 

1740 

140 

0 

340 

5-31-37 

7650 

12989 

7650 

29977 

6-19-37 

7965 

29310 

14950 

98500 

8-19-37 

6896 

7800 

3760 

18100 

5-5-38 

2389 

950 

0 

3850 

6-13-38 

3554 

6027 

1100 

50230 

7-8-38 

2882 

2042 

137 

' 10000  . 

.8-8-38 

1656 

310 

0 

657 

9-21-38 

7640 

3895 

1893 

7347 

6-7-40 

2788 

4050 

175 

29000 

8-26-40 

4873 

6650 

3193 

26700 

258154 

121079 

980926  • 

121079 

258154 

/ 

verage  annual 

damage 

15/1360159  =190673 

TABLE  3-18c  G/'LCUL/-TION  OP  .AT:RAGE  /KMTAL 
D/^AGE  UNDER  RimDUL  PROGRAr% 
LITTLE  SIOUX  I'UIN  STEM 


Date 

Peak  Dis- 
charge cfs 

Flood  Damages 

Reach  2 

Reach  3 

Reach  4 

6-3-18 

5000 

18200 

8500 

75000 

4-22-19 

3300 

1500 

155 

4870 

5-29-19 

2870 

1699 

93 

7951 

6-12-19 

10450 

49059 

24946 

126080 

6-28-19 

5870 

9710 

5100 

30000 

1 

1 

1— ' 
CO 

8200 

16110 

8620 

60400 

8-13-19 

1500 

395 

0 

0 

5-13-20 

4700 

6400 

3250 

20000 

6-7-20 

5360 

16810 

8590 

68000 

7-11-20 

3730 

4930 

1467 

18700 

5-27-21 

3550 

3 500 

820 

15500 

4-16-22 

1550 

165 

0 

0 

4-5-24 

1400 

123 

0 

0 

6-29-24 

-5025 

18564 

8600 

76000 

8-15-24 

4050 

2370 

1115 

9500 

6-4-25 

2000 

1800 

0 

7500 

6-17-25 

1560 

817 

0 

1230 

4-30-29 

2100 

■ 480 

0 

900 

6-17-29 

2500 

3802 

68 

18709 

5-13-30 

1440 

315 

0 

0 

6-13-30 

2800 

4900 

270 

28500 

7-17-30 

2500 

1670 

37 

5300 

4-1-32 

3640 

1870 

300 

5480 

4-21-32 

6280 

5254 

2689 

8469 

5-6-52 

2250 

1050 

0 

3105 

5-26-32 

4730 

5759 

3084 

18995 

4-2-37 

1420 

113 

0 

0 

5-31-37 

7230 

12742 

7250 

27400 

6-19-37 

7550 

29090 

14160 

96500 

8-19-37 

6480 

7560 

3500 

17800 

5-5-38 

2050 

830 

0 

2250 

6-13-33 

2930 

5597 

580 

37000 

7-8-38 

2500 

1670 

46 

5720 

8-8-38 

1250 

250 

0 

0 

9-21-38 

7230 

3825 

1787 

6956 

6-7-40 

2350 

3680 

52 

16500 

8-26-40 

4410 

6355 

2498 

25370 

249464 

107577 

845685 

107577 

249464 

i^verage  annual 

damage 

15/1202726  80182 

T/BLE  B“19o 

CALCULATION 

OF  AVER''rrE  . 

lUm/L  D/'fUGE 

- 

PRESENT  L/NE 

• USE,  T'U.PLE 

RIWR  S 

TEM 

peak  dis- 

A.cres 

Flooded 

Damage 

Date 

charge  cfs 

Upper 

Lower 

Upper 

Lower 

6-3-18 

3350 

1390 

3580 

1 3250 

9800 

4-22-19 

2380 

650 

860 

25 

35 

5-29-19 

2040 

360 

355 

49 

88 

6-12-19 

8230 

4920 

9\50 

16493 

61860 

6-28-19 

3930 

1860 

4480 

4763 

12340 

7-14-19 

6090 

3330 

7300 

5035 

13250 

8-13-19 

- 1200 

25 

12 

11 

1 

5-13-20 

3220 

1290 

3350 

585 

1350 

6-7-20 

3620 

1620 

4000 

3870 

13377 

7-11-20 

2620 

840  . 

1570 

774 

1113 

5-27-21 

2550 

783 

1340 

210 

290 

4-16-22 

1230 

26 

17 

3 

0 

4-5-24 

1120 

16 

5 

2 

0 

6-29-24 

3390 

1420 

3620 

3300 

10000 

8-15-24 

2860 

1030 

2350 

405 

509 

6-4-25 

1490 

43 

58 

110 

25 

6-17-25 

1270 

28 

21 

49 

3 

4-30-29 

1570 

52 

66 

6 

3 

6-17-29 

1820 

140 

145 

269 

340 

5-13-30 

1150 

21 

8 

8 

1 

6-13-30 

2000 

310 

310 

399 

480 

7-17-30 

1820 

140 

145 

137 

138 

4-1-32 

2560 

785 

1350 

33 

52 

4-21-32 

4260 

2090 

4950 

410 

2299 

5-6-32 

1650 

70 

80 

31 

23 

5-26-32 

3220 

1290 

3350 

556 

1307 

4-2-37 

1110 

15 

4 

2 

0 

5-31-37 

5090 

2630 

6150 

2550 

9200 

6-19-57 

5410 

2870 

6530 

8557 

34660 

8-19-57 

4440 

2220 

5230 

1043 

3390 

5-5-38 

1500 

44 

59 

21 

9 

6-13-38 

2120 

430 

435 

515 

640 

7-8-38 

1820 

140 

145 

135 

143 

8-8-38 

1050 

10 

2 

6 

0 

9-21-38 

5090 

2630 

6150 

617 

2394 

6-7-40 

1800 

125 

125 

250 

325 

8-26-40 

3020 

1140 

2830 

288 

831 

36783 

80132 

54767 

180276 

54767 


Average  annual  damage 


15/235043  =-1^15670 


TABLE  B-20o 

Gl'LCTJL/TIOr  OF 
UliDER  REMEDIAL 
m iB  STEM 

.^VEiUCrE  . 
PROGR^'^ 

MEIUL  D/M-'GE 
lEPLE  PIVER 

Peak  Dis- 

Acres 

Flooded 

Damage 

Date 

charge  cfs 

Upper 

Lower 

Upper 

Lower 

6-3-18 

2620 

835 

1550 

1300 

2150 

4-22-19 

1810 

135 

135 

10 

10 

5-29-19 

1560 

51 

66 

23 

12 

6-12-19 

6800 

3830 

8000 

13194 

52000 

6-28-19 

3160 

1240 

3170 

2076 

5770 

7-14-19 

4980 

2570 

6000 

3792 

7925 

8-13-19 

930 

. 0 

0 

0 

0 

5-13-20 

2510 

750 

1200 

200 

270 

6-7-20 

2870 

1030 

2380 

1823 

3774 

7-11-20 

2020 

335 

335 

248 

250 

5-27-21 

265 

265 

64 

76 

4-16-22 

930 

0 

0 

0 

0 

4-5-24 

8 50 

0 

0 • 

0 

0 

6-29-24 

2660 

860 

1680 

1350 

2300 

8-15-24 

•2190 

490 

510 

122 

89 

6-4-25 

1150 

21 

8 

48 

1 

6-17-25 

970 

0 

0 

0 - 

0 

4-30-29 

1200 

25 

12 

2 

0 

6-17-29 

1420 

^ 36 

50 

96 

15 

5-13-30 

880 

0 

0 

0 

0 

6-13-30 

1530 

47 

63 

127 

40 

7-17-30  ■ 

1420 

36 

50 

42 

9 

4-1-32 

1970 

265 

265 

13 

15 

4-21-32 

3420 

1460 

3680 

130 

3 50 

5-6-32 

1300 

29 

27 

12 

2 

5-26-32 

2510 

750 

1200 

200 

270 

4-2-37 

840 

0 

0 

0 

0 

5-31-37 

4030 

1940 

4630  • 

13  50 

4800 

6-19-37 

4330 

2150 

5100 

5760 

22100  . 

8-19-37 

3520 

1550 

3840 

742 

1418 

5-5-38 

1170 

21 

9 

9 

1 

6-13-38 

1600 

59 

72 

148 

75 

7-8-38 

1420 

36 

50 

58 

8 

8-8-38 

800 

0 

0 

0 

C 

9-21-38 

4030 

1940 

4630 

400 

1430 

6-7-40 

1410 

35 

48 

94 

14 

8-26-40 

2330 

620 

760 

204 

155 

23411 

49785 

33637 

105329 

33637 

15/i38966  = $ 9264 


Average  /nnual  Damage 


TABLE  B“21c  CALCULATION  OF  P.W'RAGE  /.ITOAL  D/I'iAGE  •* 
PRESENT  LAND  USE,  YTOST  FORK  lU'IN  STEM 


Peak  Dis- 

Acres 

Flooded 

Damage 

Date 

charge  cfs 

Upper 

Lower 

Upper  Lower 

5-26-12 

900 

70 

295 

$ 12 

124 

6-20-12 

1930 

790 

1070 

365 

2877 

8-16-12 

3280 

1433 

1620 

404 

16  55 

5-2-13 

1275 

152 

510 

25 

210 

7-22-13 

900 

70 

295 

24 

361 

6-10-14 

1180 

140 

410 

69 

1100 

9-9-14 

3570 

1495 

1748 

184 

720 

5-25-15 

1510 

240 

770 

44 

310 

6-5-15 

1670 

490 

900 

203 

2412 

7-17-15 

3000 

1374 

1500 

896 

3732 

7-4-16 

2600 

1230 

1350 

730 

2725 

8-6-16 

1180 

140 

410 

17 

124 

9-9-16 

'750 

0 

185 

0 

37 

4-17-17 

560 

0 

0 

0 

0 

8-6-17 

510 

0 

0 

0 

0 

5-17-18 

580 

0 

0 

0 

0 

6-4-18 

1770 

590 

980 

260 

2700 

5-6-19 

790  ' 

0 

210 

0 

90 

6-9-19 

1940 

800 

1080 

370 

2883 

7-3-19 

2160 

990 

1133 

329 

1433 

5-11-20 

1070 

112 

365 

20 

156 

6-30-20 

1460 

200 

710 

103 

1871 

7-13-20 

1590 

360 

840 

108 

921 

6-14-21 

870 

58 

270 

29 

740 

8-31-21 

790 

0 

210 

0 

55 

9-2-21 

1875 

730 

1045 

14 

226 

7-28-22 

3300 

1435 

1633 

1075 

4900 

8-20-22 

1730 

555 

960 

64 

291 

6-17-23 

920 

75 

320 

37 

810 

7-12-23 

1080 

120 

370 

39 

394 

8-6-23 

540 

0 

0 

0 

0 

9-30-23 

1830 

670 

1020 

13 

218 

6-27-24 

1580 

370 

830 

160 

2300 

7-15-24 

1350 

162 

570 

60 

581 

5-19-25 

2060 

920 

1112 

460 

530 

6-2-25 

3020 

1380 

1510 

1434 

6097 

6-16-25 

970 

90 

323 

40 

661 

5-9-26 

1790 

610 

980 

96 

440 

7-23-26 

2050 

910 

1128 

2994 

1538 

9-17-26 

2970 

1365 

1482 

118 

479 

5-20-27 

630 

0 

85 

0 

28 

8-15-27 

530 

0 

0 

0 

0 

20126 

30229 

10786 

46729 

10786 

Average  annual  damage 


16/57515  3595 


TABLE  B-22o  CALa‘D'TlON  OF  IVEFJGE  / MFJ ■' L Dr^'^JGE 
UNDER  REI'TIDL^L  PROGRAM,  l^EST  FOPJi 
TU.IN  STEI' 


Date 

Peak  Dis- 
charge cfs 

A c re  s 

Flooded 

Dsdnag 

e 

Upper 

-Lower 

Upper 

Lower 

5-26-12 

680 

0 

140 

0 

^ 49 

6-20-12 

1760 

580 

975 

' 260 

2662 

8-16-12 

2720 

1280 

1370 

273 

972 

5-2-13 

1125 

125 

387 

22 

167 

7-22-13 

630 

0 

90 

0 

88 

6-10-14 

980  ' 

93 

327 

47 

870 

9-9-14 

2090 

1350 

1448 

108 

460 

5-25-15 

1300 

155 

535 

25 

222 

6-5-15 

1460 

200 

715 

101 

1859 

7-17-15 

2 550 

1210 

1293 

592 

2471 

7-4-16 

2190 

1010 

1173 

373 

1810 

8-6-16 

940 

84 

310 

11 

91 

9-9-16 

600 

0 

45 

0 

9 

4-17-17 

350 

0 

0 ' 

0 

0 

8-6-17 

430 

0 

0 

0 

0 

5-17-18 

370 

0 

0 

0 

r\ 

U 

6-4-18 

1400 

„170 

640 

83 

•1720 

5-6-19 

630 

0 

90 

0 

28 

6-B-19 

167  5 . a;- 

480 

915 

215 

2496 

7-3-19 

1825  A 

660 

1015 

197 

1093 

5-11-20 

810 

40 

240 

7 

98 

6-30-20 

1260 

132 

515 

76  * 

1352 

7-13-20 

1420 

180 

670 

51 

718 

6-14-21 

710 

0 

160 

0 

415 

8-31-21 

600 

0 

45 

0 

12 

9-2-21 

1625 

420 

880 

8 

189 

7-28-22 

2940 

1360 

1470 

870 

3830 

8-20-22 

1330 

160 

575 

21 

164 

6-17-23 

720 

" 0 

170 

0 

430 

7-12-23 

850 

52 

262 

18 

288 

8-6-23 

410 

0 

0 

0 

0 

9-30-25 

1560 

310 

820  - 

7 

175 

6-27-24 

1260 

150 

480 

66 

1300 

7-15-24 

1110 

125 

380 

39 

383 

5-19-25 

1900 

755 

1060 

■ 122 

467 

6-2-25 

2560 

1210 

1327 

929 

4512 

6-16-25 

720 

0 

170 

0 

535 

5-9-26 

1375 

165 

610 

27 

260 

7-23-26 

1840 

685 

-1025 

218 

1346 

9-17-26 

2590 

1225 

1335 

59 

349 

5-^20-27 

420 

0 

0 

0 

0 

8-15-27 

370 

0 

0 

0 

0 

, 

14366 

23662 

4825 

33690 

4625 

16/33515  = 2407 


Average  annual  damage 


TABI.E  B-23,  CALCfUL/' TION  OF  .M/ER/'OE  /Nl'JLT/L  DAM/'GE, 
ELLIOTT  CREEK  T'LMN  STEM 


Present 

Land  Use 

Under  Remedial  Program 

Date 

Peak  DivS- 
charge  cfs 

Acres  Damage 

flooded- 

Peak  Dis- 
charge cfs 

A-cres  Damage 

flooded 

5-26-12 

620 

104 

119 

450 

30 

13 

6-20-12 

1360 

360 

2736 

1180 

313 

2379 

8-16-12 

2330 

730 

576 

1970 

555 

467 

5-2-13 

870 

230 

267 

720 

130 

145 

7-22-13 

620 

104 

348 

400 

5 

3 

6-10-14 

820 

190 

1340 

660 

111 

835 

9-9-14 

2675 

853 

600 

2000 

565 

361 

6-5-15 

1150 

310 

•2350 

980 

277 

2085 

7-17-15 

222  5 

685 

2652 

1830 

522 

1772 

7-4-16 

1910 

544 

2330 

1570 

445 

1730 

8-6-16 

820_ 

190 

150 

650 

110 

84 

9-9-16 

515 

62 

39 

370 

0 

0 

6-4-18 

1300 

333 

2530 

960 

273 

2060 

5-6-19 

520 

65 

75 

390 

3 

1 

6-9-19 

1380 

375 

2822  ‘ 

1140 

309 

2350 

7-3-19 

1580 

450 

1180 

1170 

311 

635 

5-11-20 

745 

138 

158 

Uj  kJ 

67 

- . 78 

6-30-20 

1010 

282 

2072 

870 

230 

1671 

7-13-20 

1090 

302 

685 

960 

273 

659 

6-14-2L 

5'90 

96 

710 

470 

40 

110 

9-2-21 

1320 

342 

203 

1120 

307 

197 

7-29-22 

2410 

765 

3500 

2115 

623 

2750 

8-20-22 

1270 

328 

256 

890 

253 

194 

6-17-23 

630 

107 

790 

455 

32 

51 

7-12-23 

745 

137 

342 

570 

85 

302 

9-30-23 

1280 

330 

203 

1070 

295 

183 

6-27-24 

1110 

306 

2320 

850 

215 

1560 

7-15-24 

9 25 

268 

555 

750 

140 

289 

5-19-25 

1455 

404 

470 

1310 

337 

390 

6-2-25 

2235 

690 

5221 

1785 

510 

3754 

6-16-25 

670 

115 

494 

480 

47 

152 

5-9-26 

1310 

339 

390 

930 

269 

308 

7-23-26 

1445 

400 

1553 

1270 

327 

1224 

9-17-26 

2200 

675 

480 

1820 

518 

360 

5-20-27 

420 

13 

4 

275 

0 

0 

11622 

40520 

8527 

29202 

16/40520  = 

C2533  Average 
present 

annual 

damage  - 

16/29202  = 

$1825  Average 

annual 

damage  - 

under  remedial  program. 
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SECTION  IV  --  CALCULATION  OF  CROP  AI\JD  PASTURE  DAPIAGES 


By  the  procedures  and  data  previouslj^  described,  flood  damages  ?rere 
calculated  for  each  flood  in  an  evaluation  series  established  for  each  of 
the  sub-ivatersheds . The  derivation  of  these  evaluation  series  is  explained 
in  Appendix  B. 

Bjr  entering  the  curves  of  Figiur’es  B— 2 to  B~9  'i'm.th  the  peak  discharges 
for  each  flood  in  the  evaluation  series,  and  making  necessary  corrections 
for  the  effeot  of  previous  floods  on  dam.ageable  values,  the  damages  of 
Tables  B-17  to  B-23  were  calculated.  It  will  be  noted  that  in  addition 
to  damages  for  the  oresent  condition  of  the  watershed,  the  dajnages  thct 
will  occur  under  the  remedial  orogram  are  included  in  this  set  of  tables. 
This  was  done  to  facilitate  comparison  of  damages  under  treated  and 
untreated  conditions. 


SECTION  V ~ DAI!AGB  TO  lAND  3Y  ^CAJOR  GULLIES 

To  determine  the  damage  tha-t  mil  be  done  in  the  future  b3^  the  major 
gullies  it  was  necessar3’’  to  predict  the  approxim.ate  rate  of  groi'rbh  of  the 
damaged  area  (area  destro37-ed  plus  area  depreciated  in  value)  of  these 
gullies.  This  was  done  b3'  making  a stud3’"  of  29  sample  gu3J,ies  chosen 
at  random..  Of  these,  eleven  vrere  cD.assed  as  ’’major’'  gullies  and  for 
each  of  these  the  following  inf ormation  was  obtained : 

1 A.rea  contributing  run-off  to  the  gull37'  33^ tern. 

2 - Area  of  land  destro3'’ed,  that  is,  actuall3?’  removed  '03’'  the 

gully  S3rstem., 

3 “ Area  of  land  forced  into  a less  renumerative  use  hr/  action 

of  the  gull3^  and  thus  depreciated  in  value. 

4 ~ Value  of  undeore dated  lands. 

5 - Value  of  deoreciated  lands, 

6 - Approximate  age  of  the  gull3'  33^3 tern. 

Those  data  are  summarized  in  Table  B-24. 

The  gullies  in  the  Little  Sioux  watersiieds  are  comnarativel3r  3^oung 
and  for  this  reason  the  form  of  the  relation  between  age  and  effect  could 
not  be  derived  therefrom.  But  from  the  life  history  of  older  gullies  in 
other  parts  of  the  United  States  it  isknoem  that,  in  general,  such 
systems  grow  at  an  accelerating  rate  in  th^^ir  early  life,  throwing  off 
new  and  rapidl3^  advancing  lat-raJ_s  at  frequent  intervals.  As  th-'  S3’'stcm 
egcs,  however,  the  areas  contributing  run-off  to  the  ever  increasing 
number  of  tributary  gullies  becomiC  smailler  and  small::r  and  cvcntua.113^ 
the  rate  of  grovdh  decelerates.  An  equation  often  used  to  express  the 
characteristics  of  simple  physical  phenoFiena  of  this  nature  is  : 


Cumulat-ive  el  feet 


1 


1 I C 


It  v/£S  recognized  that  the  grci’rbli  of  a gull’''  system  might  not  lolloi'r 
such  a simple  expression  in  the  latter  portion  of  the  c^.^'cle  cf  planation. 
But  since  the  data  available  covered  such  a ri.iinited  range  it  vjas  fe3_t 
that  the  estimate  T^ould  not  -je  improved  by  use  of  a rnors  complicated 
equation.  Moreover  since  it  rras  intended  to  discount  all  damiages  to 
their  present  n’orth  it  was  evident  that  large  errors  in  the  predicted 
damages  during  the  latter  years  of  the  c^^cle  vj-ould  have  but  a negligible 
effect  upon  monetary''  dajna.ges.  Both  of  these  considerations  led  to  the 
selection  of  the  foregoing  equation  to  exnress  the  grovvth  characteristics 
of  an  average  major  gully  in  this  vfatershed. 

The  data  given  in  Table  £—24  were  used  to  evaluate  tlie  constants  in 
the  expression  given  ard  the  fo?.londng  equation  was  derived  for  the  gro-rth 
of  an  average  g'a3.1y  system: 

Percent  of  contri.buting  area  damaged  at  end  of  t years  - 3.00 

The  area  dama.ged  each  year  is  given  by: 


Percent  of  contributing  area  damaged  a.'nnually  ~ 


1 -f  lOOOe 
~.07t 


-.Old 


’0  e 


jl  4-  1000e"“*^"^! 


By  use  of  these  equations  it  was  nossible  to  plot  -the  curves  of  Figure  2 
of  the  body  of  this  report. 

To  obtain  the  m.onetarj''  value  of  the  damage  done  bj-  each  of  the  samnlG 
gullies  tiiC  areas  damaged  annually  were  multiplied  by  the  present  ■'■'orth 
factor,  for  an  interest  rate  of  3.5  percent.  A s':t  of  such  curves  was  de- 
rived, for  gullies  of  various  assumed  ages.  By  determining  tlie  area,  under 
these  cuTves  the-  ’’present  squival-ent”  of  the  area  damaged  was  determined. 
These  vaj-ues  'VTere  used  to  prepare  another  curve  shoi'.'i.ng  the  nresent  equiv- 
alent of  the  area  damaged  for  gullies -of  any  nrosent  age.  From  this  latter 
curve  the  present  equivalent  of  the  area  to  be  damaged  in  the  futune  was 
determined  for  each  sample  gul3q";  using  as  the  present  age  of  each^  the 
age  corresponding  to  the  area  now  drmu'ged.  Thus  the  discounted  dama.gc  for 
each  samnle  was  detonained  in  terms  of  area,  assixming  that  the  future  growth 
of  that  sanole  would  follow  the  equation  for  an  average  s^^tem. 

To  obtain  the  monetary  value  of  the  futujre  damage  for  each  sample  • 
gull^T-  the  present  equivalent  of  the  area  damiaged  was  multiplied  by  the  re- 
duction in  value  of  land  depreciated  in  value  because  of  the  proxiiraty  of 

- .4/ 

the  gully.  The  calculation  of  this  damage  is  shourn  b^^  Trb3.e  B— 25. 


It  is  ob^/ious  that  the  actual  damage  ivi.ll  exceed  that  derived  i 
B-25j  as  a part  of  the  area  ’’damaged”  is  acturllj’ destroy-ed  and  vdll 
no  remaining  valiie.  But  since  the  value  ox  d''.'orecir ted  land  is  smal 
was  obvious  that  the  additional  damage  experienced  through  its  compl 
structi on  would  not  greatly  increase  the  damages  alr:wd7''  calculat'd, 
this  reason^  and  to  insure  a conscrAwtive  estimate  of  total  damages, 
additiona.l  damage  was  omitted  from  the  estimate  used  in  evaluation, 
omitted  were  the  expend.itures  required  to  construct  and.  jaaintain  3^/ 
bridges  over  the  gullies, 

l/  A study  of  a numbjr  of  such  bridges  indicated  that  the  a v'^rage  a 
ma.intcncance  on  a single  bridge  amounts  to  y20o. 


n Table 
”■0 
1 it 
etc  dc- 
For 
this 
Also 
numercu.s 

nnua  1 


TABLE  B-24c  DATA  ON  SAI'tPLSS  OF  MJ'JOR  GULLIES 


Sample 

No. 

Contributing 

Area 

Area 

Destroyed 

Area  Damaged 
(Destroyed) 
plus  De- 
preciated 

Value  of 

Unaffected 

Lands 

Value  of 

Depreciated 

Lands 

Approx- 
imate 
Age  of 
Gully 

acres 

acres 

acres 

t per  acre 

f per  acre 

years 

Samples  in  Lower  Sampling  Zone 

1 

1638 

57o8 

57,8 

85 

10 

40 

4 

3277 

107.5 

126.7 

85 

10 

60 

5 

794 

56.9 

120.3 

80 

10 

50 

6 

2534 

103.0 

131.8 

75 

10 

. 60 

9 

7424 

54.8 

79,8 

75 

10 

38 

10 

704 

16.9 

16.9 

90 

.10 

1 

. 

11 

5a-03 

330.4 

871.4 

60 

i 

5 

13 

2368 

403.0 

640,0 

60 

5 

Samples  in  Intermediate  Sampling 

Zone 

> 

About  60 
years 

17 

1901 

CO 

o 

to 

CD 

181.6 

75 

5 

19 

2227 

92.2 

214.4 

75 

5 

32 

1402 

73.2 

169.9 

75 

5 

/ 


TABLE  B-2  5. 

C/LCuL'^TION  of  F[TTURE  nONET. 

/'RY 

DFJ^AGES 

ATTPIOTABLE 

TO  DEPRECI/TION  II 

■ V/LUE 

OF  L/lTDS  fDJ/ 

GENT  TO  MUOR  1 

GULLIES 

Equivalent 

2/  Pro*  sent 

Equivp.lent 

Decrea  se 

Present 
Value  of 

Sample 

Age  of 

of  Area 

to  be 

in 

Value 

Future  De- 

No, 

Gully 

damaged 

in  the 

of 

Land 

preciP;.tion 

Future 

Damaged 

Damage 

Years 

Percent 

Acres 

§ 

<& 

Samples  in 

Lower  Sampling 

Zone 

1 

53 

23,3 

382 

75 

28,650 

4 

54 

23,7 

111 

75 

58,275 

5 

74 

35,0 

278 

70 

19,460 

6 

58 

25,7 

651 

65 

42,315 

9 

33 

14,8 

1099 

65 

71,435 

10 

47 

20.1 

142 

80 

11,360 

11 

75 

35.2 

1904 

55 

104,720 

13 

85 

36,0 

852  , 

55 

46,860 

Samples  in  Int 

e ruled  ip  te  Sampling  Zone 

17 

66 

29,7 

565 

70 

39,550 

19 

66 

29,7 

661 

70 

46,270 

32 

70 

32,3 

453 

70 

31,710 

Dpmpge  in  lower  srmpling  zone: 

- 

Totp  1 

for  srmples 

- .^383,075,  B 

ip.TTipge  per  acre 

of 

contributing  area  Al4,51, 

Tot?l  driurge  in  zone  - 235,520  roros  ^-14o51  = ^5,417,395o 

Drnrge  in  Intermediate  smpling  zone: 

Totp.l  for  samples  - 117, 530=  Drinr-ge  per  r cre  of  contributing  orev  -?-8o33o 
Totcl  d^'nrgo  in  zone  - 293,120  pcres  @ r->8o33  - f2,441,220o 

Drmpge  in  upper  spmpling  zones 
No  dpjnrge  from  mr  jer  gullies » 

Totc.1  d?ni"gc  pttributrble  to  expected  future  deprecirtion  in  Irnd  vrlues 
(present  w.lue)  *5,858,615o 

fverrge  rnnurl  equivrlent  (3o5^  interest)  =“205,052  = 


Age  corresponding  to  rree  deprecirted  in  vrlue  pt  present  time  rs 
shown  by  curve  for  rverege  gully » 


2/  Derived  by  discounting  percent  of  p rer  to  be  depreciated  erch  yerr 

in  the  future  to  its  present  vplue  rt  3o5f;  interest  rrte  rnd  summing. 
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SECTION  VI  - i)MUm  TO  DRIINEGS  DISTRICTS 


The  ditches  thrt  conduct  the  floods  of  the  Little  Sj.oiuc  '.watershed 
across  the  drainage  districts  on  the  Kisscuri  River  alluvial  olain  a'e 
raoidl3’’  filled  ■'/nth  sediinent  and  must  be  periodicallj^  dredged,  > study 
of  the  cost  of  dredging  opera 'oions  in  these  districts^  and  of  other  steps 
taken  to  keep  tlie  ditches  open^  indicated  tliat  the  average  annual  damage 
attributable  to  ditch  filling  is  §/>2^093. 


In  Section  V of  Appendix  A it  was  stated  that  21.52  uercent  of  the 
material  deposited  in  these  ditches  came  from  the  major  gullies^  43.75 
percent  from  the  lands  of  Division  A and  the  remaining  34.73  percent  from 
Di\dsion  B.  Assuming  that  the  damage  caused  is  proportional  to  the  contri- 
bution of  sediment  the  cost  of  ditch  maintenance  was  opportioned  as  follows 


DI'/ISIGN  A 

DIVISION  3 

TOTAL 

Sheet 

and  ordinary  gully  erosion 

18,417 

14, 618 

33,035 

Ivlajor 

gullies 

— 

. 9,058 

9.05s 

18,417 

23,676 

42,093 

SECTION  VII  - SU2..2LARY  OF  DAJt'OES 


The  damages  determined  by  the  procedure  outlj.ned  in  t 
Sections  are  sijmma.rized  in  Tables  B— 26  and  D— 27.  The  form 
damages  determiined  by  Divisions  and  the  latter  the  darmages 
determined  '033  subwatersheds , 


Table  B~26  SIMIAPY  OF  Dhl/GES  DETEMINBD  BY  DIVISIONS 

A-vera.ge  Annual  Values 

DI^rcSION  A 


he  preceding 
■^r  gives  the 
necessarilj’ 


(Zones  2 and  3) 


Damage  to  land  'ey  major  gullies  None 

Damage  caused  by  filling  of  dr<ainage  ditches  lb,  147 

Total  IS,  147 


DIVISION  3 
(Zone  4) 

Damage  to  land  by  major  gullies 
Damaged  caused  bj^^  filling  of  drainage  ditchas 
Total 


205,052 

23.673 

228,725 


Table  B~27 


SUMiCARY  OF  DAmGBS  DETSBlIXigED  BY  SUI^rATERSHEDS 
Average  Anniial  Values 

LITTLE  SIOUX  SUITTA-TERBUBD 
Damages  in  Zones  2,  3 and  4 


Damage  to  crops  and  pastures 


On  the  main  stem  (Table  B-*17) 

S90, 673 

On  tributaries 

14, 700 

Total  crop  and  pasture  damage 

105,373 

Damage  to  fences,  highways  and  railroads 

On  the  main  stemi 

3,410 

On  tributaries 

24, 150 

Total  fence,  highway  and  railroad  damage 

27, 560 

Damages  in  Zone  5 

Damage  to. crops  and  pastures 

15,  583 

LAPLE  RIVKB  STH  VTLRTHED 
Dam.ages  in  Zones  2,  3 and  4 


Damage  to  crops  and  pastures 

On  the  ma.in  stem  (Table  B—I9) 

On  tributaries 

Total  crop  and  pasture  dama.ge 
Damage  to  fences^  highwa3"s  and  railroads 
On  the  main  stem 
On  tributaries 

Total  fence,  hlglm&j  and  railroad  dam.age 

Damages  in  Zone  5 
Damage  to  crops  and  pastures 

PEST  FORK  SUK^ERSHED 
Damages  in  Zones  2,  3 and  4 


15,670 

5,500 

21, 170 


624 
14, 600 

15,224 


11,481 


Damage  to  crops  and  pastures 

On  the  main  stem,  of  "Test  Fork  proper  (Table  3— 2l)  3,595 


On  tributaries  of  ” ” ” 4,900 

On  the  main  s'^temi  of  Elliott  Greek  (Table  B~23)  2,533 

On  tributaries  of  ” ” 500 

-On  other  tributaries  in  the  watershed  ij  2,779 

Total  crop  and  pastuve  dama.ge 
Damage  to  fences,  highways  and  railroads 

On  the-m.ain  stem,  of  Pest  Fork  proper  1,523 

On  tributaries  of  ” ’*  ” 10,940 

On  the  main  stem  of  Elliott  Creek  309 

On  tributaries  of  ” 1,960 

On  other  tributaries  in  the  subwatershed  2/  8,695 

Total  fence,  highway  and  railroad  dairiage 


14,307 


23,427 


Damages  in  Zone  5 

Damage  to  crons  and  pasture 54 « 849 

1/  Estimated  hy  applying  tributary  damage  per  unit  area  on  Pest  Fork  tribu 
taries  to  remainder  of  watershed 

2/  Estimated  by  appljclng  tributary  damage  per  unit  area  on  Elliott  Creek 
(total)  to  remainder  of  watershed. 
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SECTION  I •“  FARM  LAND  TiliiiA'T’''^NT  PROGRAM 
Program  For  Open  Land 


rreneral  Procedure; 

Each  sample  farm  was  planned  on  the  ground  by  a planning  technician, 
nsin.  ?he  c^Lrvation  survey  of  the  farm  and  the  land  use  capabilities 
recoLenLtions  (See  Table  C-1),  the  planner  detemined  for  each  part  of 
thrSm  the  land  use  and  the  supplementary^  practices  required.  In  plan- 
ning the  use  of  supplementary  practices  such  as  terracing  and 

nf.  thP  tonovraphy  of  the  land  had  to  be  considered.  In  some 

cases  the  topography  was  found  to  be  so  irregular  that  terracing  and 
center  cultivltim  were  not  considered  practical  and  permanent  hay  or 
pasture  was  planned  for  those  areas.  The  aim  tos  to  plan  a program 
for  the  farm  which  would  be  permanently  effective  and  economically 
for  to  secure  land  uses  and  practices  which  mil 

prolice  flood"  reductions  and  at  the  same  time  promote  efficient 
systems  without  waste  of  the  soil  resource.  Cropping  practices  and  tie 
use  of  supplementary  erosion  control  practices  such  as  terracing, 
contour  cultivation,  contour  furromng,  contour  fencing,  gully  contro, 
pasture  manaoement,  liming,  fertilizing,  and  the  proper  utilization  of 
Lrnyard  manure  and  crop  residue,  together  with  the  adjustments  of  the 
farm^manarement  pro<^ram  are  used.  The  recommendations  of  tne  Iowa  State 
Experiment  station  Relative  to  liming,  fertilizing,  seeding  mixtures, 
seeding  rates,  pasture  improvement,  and  other  cultural  practices  were 
adopted  for  the^sample  farms.  Contacts  wrex’e  im-de  wath  local  people 
such  as  countv  avricultural  a^-ents,  farmers,  land  use  planning  committees 
business  men," and  Soil  Conservation  Service  project  and  camp  personnel  i 
Erder  to  obtain  additional  information  relative  to  land  use  problems  and 

effective  remedial  measures • 


Present  Tjand  Use:  Present  land  use  was  recorded  on  one  copj,  of  a con 

Present  — oa^-nTp  farm  in  order  that  the  map  vrould  in- 

servation  survey  map  oi  tne  sample  lan.i 

dicate  the  extent  and  location  of  the  follomng: 


Clean  tilled 
Small  grain 

Rotation  hay  and  pasture 
Pe  rmanent  hay 

permanent  pasture,  tame,  poor 
Permanent  pasture,  tame,  good 
Permanent  pasture,  native,  poor 
Permanent  pasture,  native,  fair 
Permanent  pasture,  native,  good 
Timber 
Idle 

Farmsteads 

Roads 
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(All  gulliod  areas  with  a 7 symbol,  where  the  rotation  together  with  supporting  praotloes  will  not  control  same,  should  be  retired  to  permanent  grassed  waterways)  Sheet  2 of  4 

(All  gullied  areas  with  the  follcwing  symbols  shCTild  be  retired  to  timber,  wildlife,  or  permanent  g**assi  - (7),  TV,  8,  (8),  8V,  9.) 

* Adequate  Drainage. 

•*  Sufficiently  drained  and  free  from  damage  to  orops  by  overflow. 

To  be  used  onlv  on  overflow  land. 
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Reconmiended  Land  Use;  The  recommended  land  use  and  supplementary 
practices  were  recorded  on  another  copy  of  the  conservation  survey 
map  as  follows: 

Crop  rotation  (no  practices  needed) 

Crop  rotation  (contour  cultivated) 

Crop  rotation  (terraced) 

Permanent  hay 

Permanent  pasture,  tame,  good 
Permanent  pasture,  tame,  renovated 
Permanent  pasture,  tame,  contour  furrowed 
Permanent  pasture,  native,  poor 
Permanent  pasture,  native,  fair 
Permanent  pasture,  native,  good 
Grazed  woodland  ' 

Protected  woodland 

Protected  woodland  to  be  planted 

Farmsteads 

Roads 

Proposed  pasture  renovation,  contour  furromng,  liming,  fertile- 
izing,  gully  control,  and  fence  rearrangement  were  also  recorded  on  the 
conservation  survey  map. 

Summary  of  Data;  The  proposed  land  use  changes  and  conservation  prac- 
tices are  shown  by  major  delineations  in  Tables  C-2  and  C-3>  and  by 
Divisions  in  Tables  3 and  4 of  the  body  of  the  Report, 

Crop  Rotations : One  of  the  basic  essentials  for  the  maintenance  of  a 

high  productivity  level  of  the  soil  is  that  crop  rotations  be  carefully 
planned  to  include  sufficient  legumes.' and  grasses.  The  most  intensive 
rotation  used  in  the  plans  for  the  sample  farms  rms  corn,  corn,  oats, 
meadow  and  the  most  extensive  rotation  used  was  corn,  oats,  meadow, 
me adow,  mead oy^  , 

Organic  matter,  so  necessary,  in  the  soil  can  be  maintained  by  the 
use  of  the  proper  crop  rotations  along  with  other  soil  management  and 
erosion  control  practices.  Soils  containing  large  amounts  of  organic 
matter  absorb  more  water  and  are  less  erodible  than  those  deficient  in 
organic  matter. 

Under  the  farm  land  treatment  program,  Yrinter  cover  crops,  such  as 
YTinter  rye  or  SY^eet  clover,  Ydll  be  used  to  protect  land  which  has  been 
in  clean  tilled  crops  during  the  fall  and  Yrinter  months.  Such  cover 
crops  are  valuable  for  feed  and  serve  a dual  purpose  of  furnishing  late 
fall  and  early  spring  pasture  as  YTell  as  affording  protection  against 
erosion  by  wind  and  water  during  the  season  of  their  groYfbh« 

Table  C-4  shows  a proposed  method  of  initiating  the  rotation  of 
crops , 


Getting  Stands  of  Legumes  and  Grasses;  Satisfactory  stands  of  legumes 
and  grasses  are  necessary  to  the  success  of  the  program.  Recommendations 


— oiUUA 

Iowa  - Minnesota 


Tflble  " Present  land  use  and  recommended  land  use  bv  mn  • 

■ ■ • 9“  B-2  : delineations  (in  percent)  of  acreage 

» ^/  : 1/  2/  ; ^ ! — Jdil^-2  ; ll-C-3  ; 11-D-l 


ll-D-2 


11-D^ 


i^o-cfeD-lraig 


Total  acreage 
Clean  tilled 

328o6ip  32806I4.  I4.IP3200  li43200 
47o35  35*65  3^*62  -28.29 

1350I+0  1350I+0 
38.80  2I1.R7 

52992 
1^0 .1+7 

52992  11+1760  11+1760 

• 10176 

10176 

711+88 

711+88  115792 

113792 

112852 

-4— 

112832 

J-O.oi 

17.70 

19.02 

1+.63 

28. 2U 

11.28 

32.97 

10.56 

28.1+8 

18.02 

Ruflll  Grain 

Rotation 

27.08 

17*82 

30.28 

15*36 

31.69 

13.31+ 

31.62 

10.61 

21+.81 

10.71+ 

3.09 

2.35 

16.67 

5*91+ 

21+.10 

6.58 

21+.1+1+ 

! 

10.26 

hay  and  pasture 

5*61; 

28.76 

10.28 

33*50 

8.88 

31*35 

11+.62 

li3*27 

11+.68 

28.15 

2.95 

1+.31 

11.18 

12.00 

15.81 

16.60 

3. 81 

19.59 

permanent  hay 
Poor  tame 

I4..O6 

.3. hi 

3*0lp 

1.98 

2.63 

8.22 

.00 

.OQ 

3.31 

16.90 

2.1+1 

12.19 

2.1+0 

15.92 

1.8ip 

21.89 

1*59 

5.98 

pasture 
Good  tame 

3.93 

.00 

5*50 

.00 

7.88 

.00 

3.71 

.00 

7.1+2 

.00 

ii-*Ui 

.00 

9.39 

.13 

7.09 

.00 

16.98 

3.79 

pasture 
Poor  native 

6.32 

8.80 

9*ii3 

lip. 92 

3*13 

15*27 

*15 

19.70 

1.20 

18.72 

.19 

11.1+8 

.20 

22.  70 

.60 

32.12 

11.25 

29.1+5 

pasture 
Fair  native 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

1 

.00 

.00 

12.51 

.00 

10.30 

.00 

.39 

.00 

2.57 

.00 

pasture 
Good  native 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

■.00 

.00 

.00 

ii.66 

9*60 

3. 06 

o.olp 

.15 

.15 

.00 

.00 

pasture 

iJrazed 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

i^.05 

11.33 

1*99 

9.1+7 

.00 

.00 

.00 

.00 

woodland 

Protected 

.25 

.00 

.ip2 

.00 

.00 

.00 

1.09. 

.00 

H 

.63 

.00 

37.69 

10.53 

8.11 

.50 

5.1+7 

l*l+i+ 

6.30 

1.85 

woodland 
Gnproduct  ive 

.00 

*27 

.00 

*58 

.00 

1.30 

.00 

1.31 

.00 

2.58 

.00 

27.52 

.00 

10.06 

.00 

6.76 

.00 

7.01 

l^d 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

.00 

1+.11+ 

l^*29 

.37 

.37 

.00 

.00 

.00 

.00 

Wle  land 

.11 

.00 

*92 

.00 

1*37 

.00 

2.50 

.00 

2.27 

.00 

2.68 

.00 

3.62 

.00 

7.10 

.00 

*37 

.00 

Farmsteads 

2.75 

2.76 

3.10 

2.96 

a*77 

2.80 

3.13 

21.79 

2.60 

2.65 

1.29 

.81+ 

1.7ii 

1.50 

2.31+ 

1.96 

2.12 

1.98 

Koads 

2.51 

2.51 

2.1pl 

. 2.1+1 

2.85 

2.85 

2.71 

2 .71 

2.56 

2.56 

.93 

*93 

1.95 

1.93 

2.16 

2.16 

2.09 

2.09 

lon.nn  inn.nn  ' 

100-00  ■ 

100.00  : 

100.00  : 

100.00  : 

100 .00 

100  .00 

100.00 

100.00 

100.00 

100.00 

100.00 

100.00 

100.00 

100.00 

100.00 

100.00 

y Present 

Recommended 
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Table  C-4  ~ proposed  installation  of  crop  rotations  by  fields 


Rotations 

Crop 

Legume  and 
grass  seeding 

ccomm 

Field  1 

Corn 

Sweet  clover  10  -x*-  at  last  cultivation 

2 

. Corn 

Rye  as  •'Adnter  cover  crop 

3 

Oats 

Alfalfa  10,  Brorae  grass  8 

4 

Oats 

Red  Clover  4>  alfalfa  4>  alsike  2,  timothy  4 

5 

Oats 

vSweet  clover  10,  timothy  4 

6 

Oats 

Sweet  clover  10 

COI» 

Field  1 

Corn 

Rye  as  ■’"dnter  cover  crop 

2 

Oats 

Alfalfa  10,  Brome  8 

3 

Oats 

Red  clover  alfalfa  4^  alsike  2,  timothy  4 

4 

Oats 

Sweet  clover  10,  - timothy  4 

5 

Oats 

Sweet  clover  10 

CCOM 

Field  1 

Corn 

Sweet  clover  10 

2 

Corn 

Rye  as  lArinter  cover  crop 

3 

Oats 

Red  clover  4^  alfalfa  4>  alsike  2,  timothy  4 

4 

Oats 

Sweet  clover  10,  timothy  4 

5 

Oats 

Sweet  clover  10 

COM 

Field  1 

Corn 

Rye  as  Y>rinter  cover  crop 

2 

Oats 

Red  clover  4>  alfalfa  4^  alsike  2,  timothy  4 

3 

Oats 

Sweet  clover  10,  timothy  4 

4 

Oats 

Sweet  clover  10 

CCOM 

Field  1 

Corn 

Sweet  clover  10 

2 

Corn 

Rye  as  winter  cover  crop 

3 

Oats 

Red  clover  8,  timothy  4 

4 

Oats 

Sweet  clover  10 

* Pounds  per  acre, . 


A 
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of  the  state  experiment  station  should  be  carefully  followed.  In  the 
past  much  seed  and  e if orb  has  been  lost  because  of  lack  of  attention  to 
proper  soil  management  practices. 

The  use  of  adapted  varieties^  proper  seeding  rates,  use  of  lime 
and  fertilizers  i^hen  needed,  inoculation  of  legumes,  proper  time  of 
seeding,  proper  preparation  of  seedbed,  proper  rate  of  seeding  and 
utilization  of  nurse  crop,  weed  control,  firming  of  the  seedbed,  top 
dressing  with  manure,  and  the  use  of  surface  mulch  are  all  important 
and  will  be  given  attention  in  seeding  legumes  and  grasses. 

The  rates  of  seeding  used  in  the  farm  planning  of  the  program  are 


given  belows 

Crop 

Years 

to  be  left 

pounds  of  seed  per  acre 

Rotation  hay 

seeded  doiTO 

Alfalfa  10,  brome  grass  8. 

Rotation  hay 

2 

Red  clover,  4^  alfalfa  4>  alsike 

Rotation  hay 

1 

timothy  4* 

Red  clover  6,  timothy  4* 

Rotation  pasture 

1 

Street  clover  10,  timothy  4» 

Permanent  hay 

7 

Alfalfa  10,  brome  grass  8. 

Permanent  pasture 

to 

Alfalfa  4^  sweet  clover  4> 

be  established 

10 

brome  6,  timothy  4- 

Permanent  pasture 

10 

Sweet  clover  6,  brome  grass  8. 

renovation 

Green  manure 

- 

Sweet  clover  10. 

I.iming  and  Fertilizing: 

The  follovring 

rates  of  application  of  lime  and 

phosphate  fertilizer  (0-20-0)  were  used  in  developing  farm  plans;  Bulletins 
S-117  ’’Fertilizer  for  Iowa’»  and  S-63  ’’Soil  Management  for  Iowa  Cropland  and 


Pasture”  being  used 

[ as  a basis  for 

these  rates. 

t 

t 

Lime 

Phosphate 

r 0-20-0) 

Once  every 

Once 

in 

12  years 

each  rotation 

Marshall  silt  loam 

1.5  tons 

200  pounds 

Marshall  silt  loam 

(broiwi  phase) 

— 

200 

ri 

Marcus  silt  loam 

■') 

Vifebster  silt  loam 

) 

— 

150 

u 

Webster  silty  clay 

loam) 

Clarion  loam 

) 

1.0 

150 

II 

Clarion  silty  clay 

loam) 
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Lime  Phosphate  (0«~20>-0) 

Once  every  Once  in 

12  years  each  rotation 


Clarion  fine  sandy  loam) 
Clarion,  steep  phase  ) 


1.0 


200  pounds 


Dickson  fine  sand 


2.0 


200  *» 


Knox  silt  loam 


200  »» 


Waukesha  silt  loam 


2.0  •' 


150  »» 


Wabash- Juds on  silt  loam 


2.0  • 


150  » 


In  the  rotation  the  phosphate  is  to  be  applied  preceding  the  small 
grain  crop.  For  seeding  permanent  pasture  or  meadow  the  phosphate 
amount  should  be  raised  50  pounds  per  acre.  In  actual  practice,  liming 
on  the  individual  farm  would  be  a matter  of  making  tests  of  each  field 
or  parts  of  each  field  to  determine.' the  lime  needs. 

Improvement  of  Tame  Pastures ; Overgrazing,  together  with  the  series  of 
dry  years  from  1934  to  1936,  have  caused  serious  damage  to  a large  pro- 
portion of  the  tame  permanent  pastures  in  the  watershed, 

/ 

The  farm  land  treatment  progr^-  includes  a carefully  planned  pasture 
program  to  provide  for  sufficient  feed  of  high  quality  for  as  many  months 
of  the  year  as  possible.  This  requires  the  use  of  adapted  legumes  and 
grasses,  maintenance  of  the  soil  in  a high  state  of  productivity,  and 
proper  grazing  management  such  as  controlled  grazing,  rotational  grazing 
and  use  of  supplementary  pastures,  ’d  ' 

Native  Grass  Pasture  Improvement;  native  grass  pastures  are  located, 

chiefly  in  the  steep  bluff  area  adjaicent  to  the  Missouri  River  Flood 
Plain,  Continued  overgrazing  has  weakened  many  of  the  native  grass 
stands  resulting  in  poor  vegetative  cover  and  increased  run-off  and 
erosion.  Lack  of  moisture  and  low  fertility  of  the  soil  are  two  important 
factors  influencing  vegetation  in  this  bluff  section. 

The  native  grasses  are  very  drought  resistant  and  will  survive  ex- 
treme dry  weather.  However, they  ydll  not  stand  overgrazing  and  will 
be  killed  out  if  overgrazing  continues.  A combination  of  the  dry  years 
of  1934  and  1936  and  continuous  overgrazing  has  caused  severe  damage  on 
native  grass  pastures  in  this  area. 

In  planning  the  sample  farms  in  that  part  of  the  ''watershed,  con- 
siderable variation  in  the  character  of  the  bluffland  was  observed. 
Consequently,  it  was  thought  advisable  to  divide  the  land  into  categories. 
The  native  grass  pastures  wrere  classified  as  good,  fair,  or  poor.  South 
and  south-?\^est  barren  slopes  were  classified  as  unproductive  land.  Those 
areas  iwhere  timber  production  was  considered  to  be  the  proper  land  use, 
were  designated  for  woodlots . 
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The  program  planned  proposes  that  grazing  management  be  adopted  as 
the  principal  means  of  improving  the  native  grass  pastures.  Such  manage- 
ment includes  deferred  grazing,  alternate  resting  and  grazing,  and  the  use 
of  sweet  clover.  Experimental  results  obtained  by  both  the  lovra  State 
Experiment  Station  and  the  Nebraska  State  Experiment  Station  show  that 
thin,  weakened  native  grass  pastures  mil  respond  satisfactorily  to 
proper  grazing  management. 

A problem  that  exists  on  cerf-ain  parts  of  the  native  grass  land  is 
the  encroachment  of  bnish  such  as  corral  berry  and  sumac.  It  is  believed 
that  overgrazing  has  been  the  cause  of  the  spread  of  this  binish  and  that 
under  proper  grazing  management  it  will  be  held  in  check.  Where  practical 
the  brush  should  be  kept  cut  down. 

Supplementary^  Soil  Conservation  Practices  - 

The  farm  land  treatment  program  requires  the  use  of  supplementary 
practices  such  as  terracing,  contour  cultivation,  establishment  of 
grassed  waten'/ays,  other  gully  control  measures,  contour  furrows,  and 
contour  fencing.  The  combination  of  these  practices  with  proper  land 
use,  applications  of  lime  and  commercial  fertilizers,  and  the  careful 
conservation  of  barnyard  manure  and  crop  residues  mil  effectively  re- 
duce soil  erosion  and  run-off. 

Terracing;  Terracing  will  be  used  as  one  of  the  principal  control 
measures.  Since  the  use  of  contour  strip  cropping  is  limited  in  this 
area  because  of  increased  damage  from  hot  winds  and  insects,  terracing 
has  to  be  used  to  a large  extent  in  order  to  effectively  reduce  soil 
erosion. 

In  general,  slopes  up  to  12  percent  mil  be  terraced  provided  they 
are  uniform  enough  in  topography  and  soil  conditions  permit.  Ordinarily 
only  the  upper  part  of  the  slope  will  be  terraced.  Level  broad  base 
terraces  "'ith  open  ends  Tfill  be  used  except  where  soil  conditions  make 
necessary  the  use  of  variable  graded  type. 

In  practically  all  cases  grassed  water^mys  will  be  used  as  terrace 
outlets . 

Contour  Cultivation;  Contour  planting  of  corn  has  been  one  of  the  most 
effective  erosion  control  measures  in  this  area. 

Contour  listing  of  corn  land  mil  be  practiced  and  the  use  of  the 
basin  lister  mil  be  encouraged.  Advantages  of  listing  corn  are  im- 
poundage  of  water  and  easier  control  of  weeds. 

All  contour  cultivation  mil  be  as  nearly  on  the  exact  contour  as 
practical.  In  contour  cultivated  fields  buffer  strips  of  permanent  hay 
may  te  necessary  to  serve  as  ^uide  lines  for  contour  operations.  Also 
on  irregular  slopes  these  strips  can  include  correction  areas  which 
otherwise  would  have  to  be  in  short  rovfs . Headlands  of  permanent  hay 
can  be  established  at  the  ends  of  the  fields  for  turning  of  farm  mach- 
inery. Buffer  strips  and  headlands  should  be  of  sufficient  mdth  to 
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allow  lor  harvesting  of  the  hav  crop  from  them  • 

Contour  Fencing;  Removal  of  up  and  down  hill  fences  and  the  establish- 
ment of  field  boundaries  and  fences  on  the  contour  will  be  necessary 
as  part  of  the  .establishment  of  the  fam  land  treatment  program  on  the 
^farms  • 

Gully  Control  Measures : TJherever  possible  gullies  mil  be  controlled  by 
establishing  good  vegetative  cover.  Proper  land  use  and  the  use  of 
conservation  practices  in  the  drainage  area  also  serve  as  gully  con- 
trol measures  and  aid  much  in  the  stabilizing  of  existing  gullies  by 
vegetation. 

Some  gullies  have  advanced  to  such  a stage  that  other  measures  such 
as  concrete  flumes,  drop  inlets,  earth  dams  and  diversion  dikes  must  be 
used  as  a measure  of  control.  These  structures  have  been  included  in  the 
major  gully  control  program. 

In  the  farm  land  treateent  program  gullies  mil  be  controlled  by  the 
following  means : 

Grassed  Wateryfays;  Because  of  lack  of  attention  to  seeding  and 
maintaining  grassed  waterv/ays,  many  gullies  have  developed  which 
otherv'rise  would  have  been  prevented.  The  conversion  of  many  of 
these  gullies  to  grassed  watenvays  will  be  necessary. 

Waterways  must  be  wide  enough  to  prevent  gullying  on  the  sides, 
and  can  be  used  for  meadow.  These  grassed  wateriways  meadows  will 
fit  in  well  mth  headlands  of  permanent  hay  which  have  been  seeded 
for  convenience  in  turning  at  the  ends  of  the  rows. 

Some  of  the  gullies  which  are  to  be  converted  to  grassed  wateiwrays 
are  of  such  size  that  they  mil  have  to  be  filled  in  and  graded 
before  seeding. 

In  order  to  furnish  a protective  cover  for  the  freshly  prepared 
seedbed,  and  to  allow  time  for  settling  of  the  soil,  cover  crops 
will  be  used.  Tiulching  and  matting  mil  also  assist  in  the  estab- 
lishment of  the  seeding. 

Diversion  of  the  water  from  the  newly  seeded  waterway  by  use  of  a 
dike  along  the  side  will  assist  in  the  establishment  in  some  cases. 

Sod  Flumes : Sod  is  usually  available  on  most  farms,  and  gully 
heads  with  small  drainage  areas  can  often  be  effectively  controlled 
v/ith  sod  flumes  at  low  cost . 

Fencing  Out  and  Planting  to  Trees ; This  economical  and  practical 
method  for  control  of  some  gullies  will  be  used  where  it  is  apparent 
that  seeding  or  sodding  will  not  be  practical.  In  all  areas  pro- 
tection from  livestock  will  be  necessary. 
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permanent  Structures;  Concrete  flumes,  drop  inlets  and  earth  dams 
and  dikes  will  be  installed  as  permanent  structures. 

Diversion  Dikes ; Diversion  dikes  mil  be  used  to  divert  water 
from  gull3?'  heads,  to  conduct  water  into  flumes,  and  to  divert 
water  temporarily  from  watenA^a^^s  or  other  areas  which  are  being 
re-vegetated.  All  outlets  will  be  adequately  protected  to  prevent 
cutting.  ' 

Earth  Fills : Gullies  mth  small  drainage  areas  will  Yirhere  possible 
be  controlled  by  earth  dams  provided  with  sod  outlets. 

Streambank  Protection;  Streambank  protection  will  consist  mainly  of 
piling  mn?-  daras.  In  a few  cases  channel  straightening  mil  be  done 
where  oxbows  occur. 

Contour  Furrowing;  Contour  furromng  mil  be  used  to  a rather 
limited  extent  on  old,  rundown  pastures  to  prevent  gullying  viiile 
the  sod  is  being  renovated  and  vrhere  new  permanent  pastures  are 
being  established. 

Contour  lUrrows  will  be  laid  out  on  the  exact  contour.  The  dis- 
tance between  furrows  mil  depend  on  soil  type  and  infiltration 
capacit37-.  They  will  be  sufficiently  close  together  to  provide  for 
the  storage  of  one  inch  of  run-off. 


Prograifl  For  l^oodland 

Protection  of  Present  Forest  Areas ; All  present  forest  areas  mil  be 
protected  from  grazing  if  it  is  practical  and  feasible  to  do  so.  The 
lack  of  contiguity  in  forest  areas  makes  exclusion  of  livestock  on  all 
areas  impractical.  Continuous  timber  areas  of  five,  ten,  or  twenty 
acres  are  so  interlaced  with  the  pasture  areas  of  approximate  13?"  the 
same  size  that  fencing  is  not  always  a sound  financial  investment  be- 
cause of  the  larg-e  perimeter  for  a.  corresponding  small  area.  Fencing 
in  the  entire  area,  both  woods  and  pasture,  would  eliminate  some  good 
pasture  ■•which  for  various  reasons  could  no'b  be  converted  to  timber. 

Under  existing  conditions  both  woods  and  pasture  are  usually  in  poor 
condition,  both  being  vfell  trampled  because  of  lack  of  forage.  With 
pasture  recorainendations  in  effect,  both  woods  and  grass  areas  i^dll  benefit. 
With  an  increased  fora<^e  supply  the  stock  •'mil  more  or  less  avoid  timbered 
areas  except  for  sufficient  shade  v/hich  can  be  obtained  on  the  extreme 
edges , 


Although  this  wall  result  in  better  forest  .ground  conditions,  more 
infiltration,  and  consequentl3^,  increased  tree  gro'wth  and  higher  density, 
no  credit  ■will  be  taken  for  benefits  received. 

Present  forest  areas  from  which  livestock  is  to  be  excluded  ■will 
readily  increase  in  density  and  gro^wth  as  the  result  of  better  ground 
surface  condition  and  an  increase  in  sub— soil  moisture  content.  From 
©xamination  of  recently  acquired  state  parks,  it  is  estimated  that  a 
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good  litter  and  good  tilth  of  soil  can  be  obtained  in  five  years. 

Tree  Planting  Aside  from  Gully  Control:  No  large  scale  planting  is  to 
be  undertaken  although  plantings  can  be  very  successful  if  due  precaution 
is  exercised.  Unfortunately  the  older  plantings,  very  small  areas  such  as 
windbreaks,  have  been  located  on  excellent  sites  but  have  not  been  pro- 
tected after  becoming  established.  In  recent  years  the  State  Extension 
Service  and  the  Soil  Conservation  Service  have  been  working  in  this  area. 
Future  observations  of  plantings  established  by  various  methods  and  the 
species  used  may  result  in  changes  in  some  recommendations . 

Field  planting  is  recomraended  on  areas  that  are  at  the  present 
tiine  or  will  be  too  badly  eroded  or  gullied  (small  gullies)  to  remain 
in  agricultural  use.  Areas  that  do  not  fit  well  into  the  fam  plan, 
i,e,,  odd-shaped  or  poorly  located  tracts  of  land,  mil  also  be  planted, 
'#alnut,  cottonvrood,  or  green  ash  in  a mixture  will  do  well  on  the  better 
sites,  while  red  elm,  green  ash,  and  cottonwood  are  excellent  for  the 
other  areas.  The  averaire  slope  of  the  areas  to  be  planted  is  18  percent. 

All  planting  will  be  done  in  contour  furrows  by  the  modified  hole 
system  with  a spacin<^  of  6’x6’,  Cross  sections  taken  of  contour  furrows 
in  a plantation  established  two  years  ago,  a period  of  time  sufficient 
for  ,q-ood  stabilization,  gave  a storage  capacity  of  1,32  inches  of  run-off 
per  unit  of  area  furrowed.  Reduction  in  run-off  from  the  area  planted 
will  be  effective  immediately  and  is  not  dependent  on  closure  of  canopy 
and  a well  defined  litter  and  humus  ground  cover.  Furrows  will  be  made 
in  the  fall  with  planting  following  in  the  first  and  second  spring. 

Latest  period  of  planting  is  the  latter  portion  of  April  and  the  earliest 
is  governed  by  the  character  of  the  weather. 

Seedlings  or  transplants  with  not  less  than  an  18-inch  top  will  be 
used  for  all  planting  stock.  Cottonwood  cuttings  do  not  appear  to  be 
satisfactbry,  while  spot  plantings  of  walnuts  seem  quite  favorable. 

Ground  cultivation  is  not  essential  but  cutting  of  the  larger  weeds 
such  as  hemp  is  necessary  the  first  year  and  under  abnormal  conditions 
also  the  second  season. 

All  plantings  will  be  fenced  for  protection  from  livestock, 

planting  costs  per  acre 


Stock 

1200  trees  at  $3*1B  per  M 
(includes  $0,30  transportation) 

3.82 

Site  preparation 

Furrowing 

1,00 

Planting 

300  trees  per  man  day,  4 days 

at  $2,00  per  day 

8.00 

Cultivation 

1 day  at  $2,00  per  day 
weed  cutting 

2.00 

Replanting 

25^  of  planting 

3*46. 

Total S18,28 
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Management ; Timbered  tracts,  both  oal:  and  hardwood  tj^pes,  are  even-aged, 
all-aged,  or  two-storied.  In  this  region  it  is  well  to  manage  timber 
areas  vrith  such  methods  that  all  cutting  will  be  some  form  of  the  selec- 
tion system.  In  this  way  croiAm  protection  is  always  present.  This  will 
enable  some  reproduction  hj  seed  to  supplement  the  coppice  grov'rbh. 

Field  plantings  and  gull^r  plantings  id-ll  be  carefully  managed  to 
avoid  a state  of  over-stocking  and  a consequent  stagnant  condition  dur- 
ing the  early  years . 

Fire  Protection:  At  present  there  is  no  fire  problem  outside  of  a few 
cleanup  fires  used  by  farmers  to  rid  themselves  of  rank  brush  and  weed 
growth . 

Utilization  of  wood  is  so  close  that  slash  from  cutting  operations 
causes  no  hazard. 

Prevention  of  fire  should  be  a.  unit  in  the  educational  program  for 
those  few  individuals  who  practice  annual  burning. 


Table  C-5  - Total  forest  area  for  present  and  recommended  land 

use  by  major  physical  delineations  (percent). 


Major  ; 

Present  land 

use : 

Recommended  land 

use ; : 

physical  i 

delineation  : 

Unprotected 

e 

• 

X Unprotected 

• 

: Protected 

■ 

t 

: Gully 

: : 

: Total 

9-B-l 

. .25% 

.2% 

.02^ 

.21$ 

9-B-2 

— 

.55 

.03 

.58 

9-C-2  it  3 

— 

— 

.22 

1.08 

1.30 

ll-C-2 

1.34 

— 

1.13 

1.17 

2.30 

11^-3 

.63 

< — 

1.00 

1.58 

2.58 

ll-D-l 

37.69 

10.53 

27.25 

.28 

38.06 

8.11 

.57 

9.36 

.72 

10.65 

ll-D-3 

5.47 

1.44 

5.71 

1.06 

8.21 

150-CfiD-l  & 2 

6.30 

1.85 

6.20 

.81 

8.86 

A Vi rage 

1.92 

.37  . 

2.02 

.51 

2.90 
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SECTION  II  ~ mJOR  GUn.Y  COI^ROL 

Number  of  Stmctures ; In  the  survey  a major  gully  was  defined  as  a 
gully  whose  cross-sectional  area  was  646  square  feet  or  greater  or  the 
lateral  gullies  contiguous  to  trenches  of  this  size*  The  control  of 
these  gullies  are  beyond  the  farmers'  scope  and  financial  status.  The 
gullies  are  vertical  sided  trench-type  ranging  in  depth  from  20  to  45 
feet.  Several  overfalls  Tdthin  a single  gully  as  well  as  numerous 
lateral  gullies  is  a common  occurrence. 

The  gillies  occur  in  the  area  between  the  city  of  Cherokee,  Iowa, 
and  the  Missouri  River  flood  plain.  This  area  vras  divided  into  three 
gully  zones  according  to  topography  and  extent  of  gull^r  erosion 
(Figure  C-1) . 

The  lower  gully  zone,  next  to  the  Missouri  River  alluvial  plain, 
contains  approximately  36Q  square  miles.  This  zone  is  predominantly 
D slope  and  the  major  soils  are  Nnox'silt  loam  and  Brovm  Phase  Marshall 
silt  loam.  The  gul3.y  erosion  in  this  zone  is  very  serious. 

The  intermediate  zone  occupies  about  453  square  miles.  C slopes 
are  predominant  in  this  area  and  the.  predominant  soils  are  Marshall 
silt  loam  and  Brown  Phase  Marshall  silt  loam,  mth  some  Knox  silt  loam. 

The  gull3r  erosion  in  this  zone  is  serious. 

The  upper  zone  has  an  area  of  approximately  1168  square  miles.  The 
-gully  erosion  in  this  zone  is  moderate.  The  predominant  soils  are 
?!arshall  silt  loam,  and  Brown  Phase  Marshall  silt  loam.  Most  of  the 
zone  is  made  up  of  B slopes,  with  some  C slopes  present. 

Drainage  areas  i^iere  selected  at  random  in  each  zone.  The  drainage 
areas  were  selected  rep-ardless  of  size  or  other  features  in  order  to 
obtain  a true  sainple  of  the  gullA?'  problem  in  each  zone. 

Thirteen  drainage  areas  totalling  41*25  square  miles  were  selected 
in  the  lower  zone.  This  was  a 11.2^  sample  of  the  zone  containing  the 
most  serious  gullj?’  erosion.  Eight  drainage  areas  comprising  22.05 
square  miles  or  4*3  percent  of  the  zone  were  selected  in  the  intermediate 
' zone.  Eight  samples  containing  22.43  square  miles  or  1.92  percent  of  the 
zone  were  selected  in  the  upper  zone,  vrhere  the  gully  erosion  is  moderate. 

Survey  procedure;  Each  sample  drainage  area  y^ras  inspected  in  the  field, 
and  sufficient  field  data  were  obtained  to  determine  the  type  and  location 
of  structures  required  to  completely  control  the  gully  and  to  estimate  the 
cost  of  the  control.  It  was  assumed  that  all  structures  in  the  main  stems 
of  the  gullies  would  be  drop  inlet  or  similar  earth  fill  soil  saving  dams 
of  standard  design.  Estimates  based  on  preliminary''  designs  developed 
the  yardage  of  fill,  the  quantity  of  reinforced  concrete  and  appurtenances 
required  to  control  each  gully  in  the  sample  -watersheds. 


little  SIOUX  WATERSHED 

MtfJNESOTA  - iO'A'A 


F igure  No.  — L 


DfViSION  0^  LOWER 
POHl  ION  little  SIOUX 

WATERSHED  USED  IN  SAMPL- 
ING MAJOR  GULLIES  AND 

highways  . 


Table  C-7 


Ma.jor  Gull7;T  Control 


Estimates  of  Quantities  of  materials  on  main 
stem  structures  - 3^8  square  miles. 


Lower  Zone 


Drainage 

Acres 

area 

Dam 

C.  Y. 

C.  Y. 

in 

no- 

No. 

Concrete 

Fill 

Drainage  Area 

1 

1 

110 

9090 

1640 

110 

9090 

1640 

4 

1 

195 

12500 

3274 

2 

340 

18130 

535 

30630 

3274 

5 

1 

7 ' 

1500 

791 

2 

110 

12500 

3 

192 

16425 

309 

30425 

791 

6 

1 

130 

11500 

2535 

95 

12500 

3 

160 

11800 

4 

9 

1500 

394 

37300 

2535 

9 

2 

715 

18700 

7463 

3 

220 

9000 

4 

. . 155 

15300  * 

1090 

43000 

7463 

10 

1 

110 

12500 

. 700 

• 

• 

2 

130 

8000 

240 

20500 

700 

11 

1 

408 

9720 

5400 

2 

IXl 

13470 

3 

215  \ 17550 

1040 

40740 

5400 

13 

1 

50 

7830 

2370 

2 

150 

12420 

3 

110 

17500 

4 

90 

9090 

5 

100 

16400 

- 

500 

63240 

2370 

Total 

23 

4218 

274925 

24173 

Total  area  sampled  41*25  square  miles 
J Drainare  areas  No.  2,  3,  7,  8 and  12  required  no  control. 
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Table  C-7  (Continued) 


Drainage 

area 

no. 

Dam  : C.  Y. 

No,  : Concrete 

: Acres 
C.  Y.  : in 
Fill  ; Areas 

17 

1 : 295 

2 ; 260 

3 : 185 

23100  ; 1900 

13500  : 

12500-  : 

: 740 

49100  : 1900 

19 

1 : 280 

2 j 125 

3 : . 120 

27600  ! 2225 

22200  : 

18800  : 

' 525 

68600  I 2225 

32 

1 : 95 

2 : 5 

9000  : 1400 

1000  : 

: . 100 

11000  t 1400 

Total 

• 

• 

8 : 1365 

• 

• 

128700  : 1400 

Total  area  sampled  22.05  square  miles. 


Drainage  areas  14,  15,  16,  13,  20,  21,  31,  and  34  required  no  control. 


Table  C-8  - Number  of  major  gully  control  structures  required, 

main  stems  of  gullies. 


By  zones 

: No,  of 

Zone  : dams  in 

; sample 

Sq.  mile  : Dams  : Sq.  mile  : Dams 

in  : per  : in  ; needed 

sample  sq,  mile:  zone  : in  zone 

LoTrer  : 23 
Intermediate : 8 
Upper  : 0 

41.25  : .557  : 368  ; 205 

22.05  : .368  : 458  : 166 

22.43  J 0 : 1168  : 0 

Total  : 

: : : 371 

By  Counties 


:3q.  mile: 
County  :lo'p^er  : 

Jzone  : 


Sq,  mile  : Dams  : Dams  . i No.  with 
intermed-:  needed:  needed  : highway 
iate  zone:  lower  : intermed-  : benefits 
: zone  : iate  zone  : 


No.  without 

highway 

benefits 


Ida  : 

0 

: 150 

: 0 : 

54 

27 

: 27 

Monona  : 

161 

: 5 

: 90  : 

2 

: 46 

: 46 

Woodbury; 

207 

: ^ 3 03 

: 115  : 

110 

: 112 

: 113 

Total  ; 368 


it58 


205 


166 


185 


186 


By  watersheds 


Watershed 


Sq.  mile 

low^er 

zone 


Sq,  mile  : No,  of 
interned-  : dams 
iate  zone  : lower 


No,  of 
dams  in- 
termediate 


Total  no. 
of  dams 


• 

4 

zone 

• 

zone 

• 

• 

Little  Sioirx; 

72 

112 

4 

4 

40 

• 

40 

• 

80 

Maple  • 

100 

184 

• 

• 

56 

• 

• 

67 

: 

123 

West  Fork  • 

196 

162 

4 

• 

109 

• 

• 

59 

: 

168 

Total 

368 

458 

• 

• 

205 

• 

» 

166 

I 

371 
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The  data  pertaining  to  the  samples  representative  of  each  zone  were 
expanded  to  the  zone  by  the  ratios  of  the  area  of  the  sample  to  the 
area  of  the  zone  represented. 

The  data  show  that  a total  of  371  structures  are  needed  to  control 
the  main  stem  development  of  the  gullies.  All  of  these  structures  are 
needed  in  the  lower  and  intermediate  zones,  with  50%  of  them  located  on 
roads  where  the  fill  will  be  used  for  a roadway  and  will  replace  bridges 
now  expensive  to  maintain. 

In  addition  to  these  structures  a total  of  447  concrete  flumes  and 
73  earth  fill,  drop  inlet  type,  dams  of  a smaller  size  than  those  re- 
quired in  the  main  stem  of  the  gullies  will  be  required  to  stabilize 
the  grades  of  other  gullies  and  prevent  further  head  cutting.  These 
structures  will  be  located  on  individual  farms  and  their  number,  size, 
and  type  were  determined  in  connection  with  the  farm  land  treatment 
program  of  which  they  are  part.  Their  installation  is  necessary  to  the 
successful  control  of  the  so-called  major  gully  systems. 


SECTION  III  - COST  ESTBiATES 
Costs  of  Farmland  Treatment 


Unit  Costs ; Unit  costs  for  installing  the  farm  land  treatment  program 
are  given  in  Table  C-9.  Cost  information  was  obtained  from  Soil  Con^- 
servation  Service  camps  located  in  or  near  the  Little  Sioux  watershed 
as  well  as  from  other  local  sources.  An  effort  was  made  to  have  these 
costs  confoim  as  nearly  as  possible  to  what  they  would  actually  be 
using  local  labor  on  force  account,  equipment  and  materials.  The  seed, 
lime  and  fertilizer  costs  were  determined  locally. 

Installation  Costs ; The  costs  of  installing  the- supplementary  measures 
were  determined  by  applying  the  unit  costs,  to  the  amounts  of'  each 
practice,  and  are  shown  in  Table  5 of  the  Report  for  \00%  cooperation. 
The  total  cost  of  installation  is  shown  in  Table  6 of  the  Report, 

maintenance  Costs ; The  costs  of  maintaining  the  program  on  farms 
consists  of  the  additional  costs  of  operation  after  the  program  is 
installed  over  the  costs  that  would  occur  if  the  program  was  not  in- 
stalled. These  costs  -^ere  determined  by  subtracting  the  operating 
expenses  in  the  future  without  a program  from  the  operating  expenses 
with  a program.  These  additional  expenses  "ere  determined  by  budget 
analyses  for  the  sample  farms  (see  A.p33endix  S for  discussion  of  study 
of  sample  farms).  Average  niaintenance  costs  ’^ere  derived  for  each 
physical  delineation  and  apolied  to  the  areas  of  the  delineations 
composing  the  Divisions  to  obtain  an  estimate  of  total  maintenance  cost. 
The  maintenance  costs  by  delineations  are  given  on  Table  C— 10  and  the 
cost  by  Divisions  in  Tables  6 and  9 of  the  Report. 
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Table  C-9 


Unit  costs  for  installation  of  the  remedial  program 


# 

f 

• 

Unit  Cost 

Item 

: 

: Equipment  ! 

Unit  ; Labor  i & material  ; Total 


Terracing 

ac  re 

$ 2,50  $ 

3.50 

$ 6.00 

Diversion  dikes 

foot 

.02 

V .03 

.05 

Fence  constnaction 

rod 

.10 

.40 

.50 

Gully  control 

acre 

3.00 

5.00 

8.00 

Gully  control  xxxxx 

acre 

5.00 

20.00 

25.00 

Gully  control  11111 

acre 

20.00 

80.00 

100,00 

Concrete  flume 

cu.  yd. 

12.00 

8.00 

20.00 

Concrete  flume 

each 

354.00 

236.00 

590.00 

Drop  inlet 

each 

1162 .00 

1210.00 

2372.00 

Sod  flume 

• 

to 

.39 

.01 

.40 

Sod  flume 

each 

87.30 

2,70 

90.00 

Earth  dike 

each 

4.83 

2.17 

7.00 

Channel  straightening 

foot 

.06 

.18 

.24 

Streambank  protection 

foot 

.64 

.36 

1.00 

Contour  furroirang 

acre 

2.00 

2.00 

Tree  planting 

acre 

13.50 

4.78 

18,28 

Greet  clover  seed 

pound 

.08 

Alfalfa  seed 

pound 

.26 

Red  clover  seed 

pound 

- 

.24 

Alsike  clover  seed 

pound 

.22 

Brome  grass  seed 

pound 

.10 

Timothy  seed 

pound 

.07 

Lime 

ton 

2.00 

Phosphate 

ton 

25.00 

Cost  of  planning 


Division 

A 

acre 

1.38 

Division 

B 

acre 

1.93 
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Table  C‘-10  - Maintenance  Costs  of  Farmland  Treatment  Program 

Assuming  All  Farmers  Participating  in  Program. 


Delineation 

Number 

of 

Farms 

Maintenance  Cost 
per 
Farra 

Total 

Maintenance 

Cost 

9B-1 

1,542 

256 

§ 394,752 

9B-2 

2,051 

202 

414,302 

9C-2&3 

653 

315 

205,695 

llC-2 

267 

135 

36,045 

llC-3 

647 

282 

182,454 

llD-1 

47 

-10 

►-470 

llD-2 

^ 442 

126 

55,692 

llD-3 

523 

346 

180,958 

150C&D-2&3 

586 

171 

100,206 

6,758 

1,569,634 

Cost  of  Ma.jor  Gully  Control  Program 

The  cost  of  installing  the  major  gully  control  program  is  estimated 
on  Table  C-11. 

A local  agency  (or  agencies)  is  expected  to  contribute  to  this 
program  by  placing,  or  defraying  the  cost  of  placing,  one-half  of  the 
fill  in  the  earth  dams  (see  ii.  Summary  Report).  It  is  probable  that 
the  County  highway  departments  can  arrange  to  assume  this  responsibility 
by  placing  the  fill  for  those  dam.s  that  ?.dll  be  used  in  place  of  bridges. 
It  will  be  seen  from  Table  C-ll  that  the  cost  of  placing  one-half  of  the 
earth  fill  vd.ll  be  approximately  $368,410* 

The  responsibility  of  inspecting,  repairing  and  replacing  ,the  major 
gully  v'orks  is  to  be  assumed  by  a local  agency,  or  agencies.  The  esti- 
mated costs  of  maintaining  these  works  is  derived  in  Table  C—12. 
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Table  C-12 


CALCULATION  OF  MAINTENANCE  COSTS 


?^JOR  GULLY  CONTROL  WORKS 


Inspection 

1 Engineer  1/2  year  © "^2,000 

Transportation  10,000  miles  © ,04 
Office  rent  and  services 


Repair 

1 Engineer  1/4  year  © ^^OOO 
Labor  4 nian  years  © *^800 

Materials 

Transportation  ~ Trucks  5000  miles  © .06 
'»  - Other;  5000  ” © .04 


1,000 

400 

1,200 


2,600 


500 

3,200 

2,000 

300 

200 

6,200 


Replacement 

Replacement  of  one  main  structure  every  other  year 

i/2  © S6000  3,000 

Replacement  of  concrete  flumes  each  year 

5 © |600  " 3,000 

Replacement  of  one  earth  dam  on  lateral  each  year 


1 © -2,400 

2,400 

1 Engineer  1/4  year  © $2,000 

500 

Transportation  2000  miles  © .04 

800 

9,700 

Contingencies 

1,500 

20,000 


Total 
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PI-iYSICAL  EFFECTS  OF  THE  REl^EIAL  PROGRAM 


GONTEICTS 

Page 

SECTION  I - EFFECT  OF  PROGPil!  OM  FK)OD  RUI'I-OFF  D~1 

SECTION  II  ~ EFFECT  OF  PROGRAM  ON  SEDIlENT  D-10 

SUPPLEI^ffiNT  A - INFILTRATION  STUOIES 


SECTION  I ~ EFFECT  OF  THE  m^I>7.PL  PROGR/M  ON  FLOOD  RUN-OFF 


U\^drolof;ic  Characteristics  of  the  little  Sioux  Watershed 

A brief  description  of  the  Little  Sioux  Vfatershed  is  given  in  the 
main  Report,  liore  detai3,ed  information  on  soils^  vegetal  cover,  land 
use  and  farming  practices  are  given  in  Aope indices  A and  3,  The  descrip- 
tive matter  in  this  Appendix  will,  therefore,  be  limited  to  brief  dis- 
cussion of  storm  rainfall,  flood  runoff,  and  channel  characteristics. 

Storm  Rainfall:  High  intensity  storms  of  short  duration  which  center 

over  the  small  tributaries  of  the  Little  Sioux,  or  several  high  inten- 
sity storms  of  short  duration  affecting  different  portions  of  the  Little 
Sioux  proper  are  the  conditions  vrhich  create  the  majority/  of  floods. 
Snow-melt  or  a combi.nation  of  rainfall  and  snow-me].t  produce  floods  of 
considerable  size.  However,  as  this  condition  occurs  during  the  early 
spring,,  it  results  in  relativel^^  small  agricultural  damage. 

Storms  of  high  intensities  and  short  duration  are  common  and  often 
follow  in  rapid  succession.  Many  of  the  .floods  which  have  occurred  were 
caused  by  several  of  these  storms  affecting  different  parts  of  the  water- 
shed and  producing  the  effect  of  a more  general  storm.  Records  indicate 
that  storms  of  this  nature  occur  on  the  average  at  least  once  during 
each  of  the  months  of  June,  July  and  August. 

Flood  Run-off ; There  is  considerable  variation  in  the  tj^pes  of  floods 
that  occur  on  the  different  watersheds.  Elliott  Creek,  for  example,  is 
a small  watershed  mth  a,  relatively  steep  channel  gradient.  Floods  in 
this  watershed  occur  frequently,  but  the  period  of  inundation  is  short. 

The  Little  Sioux  proper,  being  a much  larger  watershed  and  having  a. 
rather  flat  channel  gradient,  does  not  reach  flood  stages  as  frequently, 
but  when  it  does  the  period  of  inundation  is  usuallj?"  much  longer.  The 
floods  on  the  smaller  watersheds,  however,  transport  m.ore  silt  per 
volume  and  in  this  irra-j  cause  much  damage  to  crops  and  drainage  ditches 
by  deposition. 

During  the  relatively?"  short  period  of  record,  the  watershed  has 
never  experienced  exceptionally  high  discharges  per  unit  of  watershed 
area.  The  maximum  recorded  discharge  at  Correctionville  occurred  on 
June  12,  19 19^  when  4.37  esm  wras  produced  from  2450  square  miles  and 
at  Spencer,  an  area  of  1030  square  miles  produced  3.55  csm.  in  the  soring 
of  1936. 

Channel  Characteristics ; There  is  considerable  variation  in  stream  channel 
gradient  among  the  tributary  i/'.’-atersheds  studied.  The  Little  Sioux  proper 
has  an  average  fall  of  approximately  1.7  feet  per  mile,  through  the  flood 
damage  area.  Gradients  through  the  flood  damage  area  on  the  smaller  trib- 
utaries are  approximately  as  xol3.ows  : Maple  River  5.5  feet  per  mile, 

V/est  Fork  6.3  feet  per  mi?Le,  Elliott  Creek  S.3  feet  per  mi3.e.  ViTnere  these 
streams  enter  the  Missouri  River  Flood  Plain,  there  is  an  abrupt  change 
in  channel  gradient.  From  this  point  to  tho5.r  confluence  ■’»'\rith  the  Missouri 
River,  tiic  gradient  is  approximataly  1 foot  per  mile.  Thj.s  abrupt  change 
in  gradir;nt  is  conducive  to  sedim.ent  deposition,  Th'"  se  sections  of 
cha.nnel  have  been  maintained  for  a number  of  years  by  drainage  districts. 
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Levees  have  been  built  on  man^^  of  the  channels  during  the  process  of  re- 
moving sediment.  Sediment  deposits  have  reduced  channel  cana cities  to 
a ooint  where  frequent  over-topning  of  the  levees  is  exoerienced. 


Records  Used  in  Hydrologic  Calculations 

Rainfall : The  locations  of  rain  gages  in  or  near  the  Little  Sio'^jx  water- 

shed are  sho^.m  by  Figure  D-1.  The  Sioux  Citj’-  gage  is  of  the  automatic- 
recording  type  and  r a.infa.ll  intensity  has  been  recorded  at  this  gage 
ever  since  1907.  The  storms  of  flood  producing  potentialities  recorded 
at  this  station  werc^  as  ^dll  be  sho'^vn  later^  used  in  calculating  floods 
and  evaluating  the  ph^T'sical  effects  of  prooosed  programs. 

Run-off ; Figure  D-1  shov/s  the  location  of  stream  gages  in  the  watershed. 
Records  havo  been  maintained  at  Correctionville  from  I9IS  to  1925^  1929 
to  1932  and  from  1936  to  the  present  time.  Records  arc  available  at 
Spencer  since  1936.  The  Ivlaple  River  at  Turin  and  the  iest  Fork  at  Holly 
Springs  have  been  gaged  only  since  1939 • 


Procedure  for  Calculating!:  Flood  Run-off 

The  quantity  of  rainfall  and  run-off  data  available  for  use  in  the 
evaluation  of  possible  flood  control  program.s  for  the  Little  Sioux  water- 
shed was^  as  is  evident  from  the  foregoing^  meager.  The  only  available 
record  of  the  intensity  of  rainfall  was  for  Sioijx  City  iust  outside  of 
the  southwestern  boundary  of  the  watershed.  The  only  substantial  record 
of  streamflow  was  at  Correctionville^  on  the  main  stream  of  the  Little 
Sioux  and  ha. icing  a contributing  area  of  2450  sopaare  miles.  It  wa.s^ 
therefore,  necessari’  to  utilize  these  records  to  the  fullest  extent  and 
to  synthesize  floods  and  rairifa.il  for  the  major  portion  of  the  ?ratershed 
from  the  records  available. 


Tne  major  phases  of  the  orocedure  used  in  evaluating  the  farmland 
treatment  program,  are  briefly  described  in  the  following: 

1.  It  was  assijmed  that  the  16-year  record  of  run-off  at  Correction- 
ville  was  reascnabl3^  representative  of  the  average  flood  charac- 
teristics of  the  watershed  above  vCorrectionville,  and  that  the 
benefit  calculated  from  the  reduction  of  each  flood  in  this 
record^  divided  b^T"  the  number  of  3"oa rs  in  the  record^  vfould  be 
a measure  of  the  average  annual  f?_ood  benefit  that  would  accrue 
from  the  installation  of  the  farmland  treatment  r^rogram  on  the 
watershed  of  tiio  Little  Sioux  above  Correctionville. 


2.  It  was  assumed  that  this  flood  record  would  represent  the  charac- 
teristics of  the  I-’aple  River  if  the  volumes  of  run-off  of  the 
floods  contained  therein  were  modified  by  the  difference  between 
the  average  rainfall  versus  run-off  relationships  for  the  two 
watersheds.  The  average  rainJTall  versus  run-^off  relationship 
for  the  haple  was  obtained  from,  the  records  on  the  haple  at 
Turin  from  1939  to  date. 
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3,  It  was  assnmed  that  the  storns  of  flood  producing  potential 
recorded  at  Sioux  Cit^^  during  the  neriod  of  record  of  the  gage 
at  that  location  could^  during  the  course  of  time'^  be  experienced 
at  a gage  centrally  located  on  the  Elliott  Creek  or  Test  Fork 
watersheds.  The  storms  occurring  during  the  neriod  from  1912 
through  1927^  inclusive,  were  adopted  as  an  "evaluation  storm 
series"  for  these  tributaries. 


4.  From  a stud37-  of  the  rainfall  characteristics  of  storms  recorded 
at  Sioux  Citj?'  and  the  average  rainfall-run-off  relationships  for 
the  watershed  above  Correctionville  average  intensity  and  depth 
of  rainfall  relationships  vrere  developed  and  average  storms  that 
vrould  produce  floods  of  a range  of  Tiagnitude  on  the  Little  Sioux 
and  Ilaple  rivers  were  constructed, 

5.  By  use  of  the  infiltration  theory''  of  mn-off  the  average  reduc- 
tion in  floods  that  had  occurred  on  the  Little  Sioux  and  could 
occur  on  the  Kaple  were  calculated  b^"^  determiining  the  difference 
in  surface  run-off  that  would  be  produced  hj  the  average  storm.s 
■'.viththe  watersheds  in  their  present  and  planned  condition, 

6.  By  use  of  the  same  theory  the  floods  that  ivould  occur  on  the 
Elliott  and  Test  Fork  Creeks,  if  the^^  were  subjected  to  the 
storms  recorded  at  Sioux  Clty^  were  calculated  for  both  present 
condition  of  these  watersheds  and  for  their  conditions  under 
the  farmland  treatment  programi. 

7.  The  areas  inundated  by  each  flood  in  the  two  series  under  present 
and  future  land  conditions  were  determined  and  i/ith  this  informa- 
tion it  was  possible  to  estimate  what  the  flood  damages  would  be 
for  the  Little  Sioux;  and  Maple  over  a 15-year  period  and  for 
Elliott  and  Test  Fork  tributaries  over  a 16— year  period. 


Each  of  these  m.aicr  divisions  of  the  oroesdure  are  briefly  described 
in  the  follovri.ng,  Sunp3.ement  A describes  the  procedures  used  in  deriving 
and  appljdng  infiltration  data. 


The  Evaluation  Flood  Series  for  the  Little  Sioui:  and  I hole  Rivers:  Each 

flood  in  the  15-3'ear  record  at  Correctionville  was  used  in  an  evaluation 
series  to  deterrdne  the  physical  effect  of  the  remedial  program  on  floods 
that  cause  dama.ge  on  the  Little  Sioux  and  the  Ilaple  Rivers,  The  hj^dro— 
graphs  at  Correctionville  were  anal^^'zed  to  determine  the  volimie  of  runoff 
caused  b3?'  certain  storms.  This  volume  was  taken  as  the  total  runoff  in 
the  flood  hydrograph  minus  normal  depletion  indicated  b3?’  the  streamnlow 
preceding  the  flood  rise.  The  rainfall  that  nrcduced  the  runoff  was  det-i 
mined,  for  each  event,  for  the  area  above  Correctionville  b3/  Horton- 
Thiessen  weighting  of  rainfall  recorded  hj  standard  rain  gages  in  opera- 
tion at  the  time  cf  the  flood.  The  areal  average  rainfall  was  plotted 
against  the  flood  runoff  and  a curve  fitted  to  the  plotted  (Figure  D-2) 
points  to  determine  tlie  average  rainfall-runcff  relationship,  Sino-lar 
relationships  were  also  detenriined  for  the  Maple  River  at  Turin  from  the 
available  record  at  Turin.  The  relationship  between  volumes  of  ru.noff 
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for  identical  depths  of  rainfall  on  the  watersheds  of  the  Little  Sioux 
and  the  Llaple  were  used  to  convert  the  evaluation  flood  series  for  the 
Little  Sioux  to  a flood  series  of  equal  length  for  the  Maple  River. 

'The  Eva3-uation  Storm  Series: 

Derivation  for  Slliott  Creek  and  Vfest  Fork:  To  derive  a series  of 

storms  to  be  aoolied  to  each  of  these  ivatersheds  a studjr  was  made  of  the 
recording  rain  gage  record  at  Sioux  City.  The  record  was  examined  to 
find  a oeriod  containing  a suitable  evaluation  .series.  Tlie.  oeriod  from 
1912  through  1927,  inclusive appeared  to  be  reasonably  normal  and  was 
adopted.  For  the  purpose  of  evaluation  it  was  decided  to  subject  each 
watershed  to  the  storms  recorded  at  Sioux  City  during  this  oeriod.  For 
all  of  the  significant  storms  during  the  oeriod  the  intensities  of  rain- 
fall were  calculated  by  five-minute  periods.  The  rain  periods  in^ these 
storms  were  then  analyzed  to  determine  the  amounts  of  rainfall  occurring 
over  and  above  given  intensity  levels;  a quantity/  sometimes  called  the 
’’excess  rainfall”  and  often  designated  by  the  sjanbol  Pq.  The  values  of 
Pg  were  then  plotted  against  intensity  to  form  excess  rainfall  curves. 

On  the  same  diagram  .the  durations  of  rainfall  at  the  given  intensity  levels 
were  also  plotted  to  form  ’’duration  of  excess”  curves.  This  latter  var- 
iable is  hereinafter  represented  by  the  symbol  T^.  The  way  in  which  the 
P and  T curves  were  used  will  be  explained  subsequently. 

It  should  be  clearly  understood  that  the  storms  were  taken  as  they 
were  actually  recorded  at  Sioux  City;  that  is^  the  depth  of  rainfall^ 
the  num.ber  and  sequence  of  storms,  and  the  rainfall  intensities  used  in 
establishing  the  evaluation  storm  series  for  Elliott  Creek  and  the  West 
Fork  were  identical  v-rith  those  recorded  at  the  Sioux  City  gage.  Since 
the  centers  of  the  storms  mth  respect  to  the  Sioux  Cit3'"  could  occupy 

the  same  relative  positions  ^rith  respect  to  the  center  of  the  tributary 
watersheds  to  i#iich  the^^  were  transposed,  ajid  since  the  area  of  the  trib-r- 
utaries  were  small,  the  catch  at  the  gage  could,  mthout  danger  of  great 
error,  be  taken  as  thf=‘  average  rainfall  on  the  tributarj^-.  The  calculated 
run-off  from  these  soerms  Yms  used  as  a series  of  evaluation  flood.s  on 
Elliott  Creek  and  the  West  Fork. 

Index  of  Antecedent  Rain:  At  the  time  the  storm  anal^^sis  was  made 

an  index  of  antecedent  rain  was  also  calculated.  To  obtain  this  index 
the  dail3?-  rainfalls  for  10  da^^-s  preceding  the  day  on  vfhich  the  flood  pro- 
ducing storm  ocG'irred  vrere  divided  "03^  the  uirube.r  of  days  each  quantit37" 
preceded  the  stc.rm  and  the  quotients  so  obtair/nd  were  added.  Expressed 
in  symbols  this  index  is  : 


IP  = P.  + Pp 
T 1“  2“ 


T lIO 


10 


in  ■'.Thich  P^,  P2.  ...etc.,  are  the  rainfall,  1,  2 ....etc.,  days  before  the 
storm.  In  the  interest  of  brevity  the  above  quantit3?"  is  designated  here- 
inafter by  the  letter  Z. 


Derivation  for  the  Little  Sjo^g^c  and  I if  pie  Rivers  ; Six  average  storms 
were  developed  for  the  Little  Sioux  and  Kaple  Rivers.  To  do  this,  six 
values  of  peak  discharges  were  selected  from  the  Correctionville  flood 
record  which  would  cover  the  range  of  experienced  floods.  With  a peak 
discharge  for  the  selected  value  the  volume  of  run-off  was  determ.ined  from 
the  peak  discharge -volume  i'elation.  'nth  the  volume  of  run-off  knovm  the 
causitive  precipitation  was  determined  from  the  rainfall-run-off  relation. 
During  the  course  of  the  study  of  the  rainfall  record  at  Sioijx  Cit^^  it 
was  determined-  that  the  average  maximum  intensity  of  flood  producing  rain- 
fall was  2.50  inches  oer  hour  and  t]iat  an  average  pattern  of  rainfall 
intensity  distribution  could  be  obtained.  Using  the  value  of  2.50  inches 
per  hour  for  maximum  intensity  and  the  average  distribution  obtained  from 
the  Sioux  City  record,  average  and  curves  were  developed  for  the 
six  magnitudes  of  rain  storrms  that  would  produce  the  six  dj.s charges 
selected  to  represent  the  range  of  possible  events  on  the  Little  Sioux 
and  the  l!aple  Rivers.  Time  manner  in  which  these  average  . storm  patterns 
were  derived  is  illustrated  by  Table  D-1  and  an  example  of  the-  and  Tq 
curves  plotted  appeal’s  on  Figure  D-3. 

Infiltration  Data;  There  exist  on  the  Little  Sioux  watershed  m.any  com- 
plexes (of  soil,  cover,  condition,  and  treatm.ent)  that  differ  with  respect 
to  their  infiltration  characteristics.  It  was  necessar3^  to  secure  data 
applicable  to  these  complexes.  The  data  ?/-ere  determined  b^?"  use  of  ”in- 
filtrometers” . These  are  instruments  for  apoljrlng  artificial  rainfall  to 
small  plots  and  from  the  results  of  such  application  it  is  possible  to 
determine  the  level  of  rainfall  intensity  over  and  above  which  the  depth 
of  rainfall  (the  excess  rainfall)  equals  the  measured  run-off.  For  pur- 
poses of  this  report  this  value,  or  index,  is  denoted  by  the  letter  0. 

The  rate  of  application  of  rainfall  by  an  irifiltrometer  is  known  during 
any  given  test  and  the  rate  of  run-off  is  measured  ccntinuousl^T-,  This 
makes  it  possible  to  determine,  for  any  instant,  the  d.iff'^rence  between 
the  two  rates  or  the  ’’rainfall  minus  run-off”  rate.  This  j,.s  the  rate 
at  which  water  is  entering  tl.e  soil  and  being  stored  on  the  surface  of 
the  plot.  The  values  o.7  the  rainfall  min'’:!S  run-off  rate  were  plotted 
against  the  time  of  r::coss  T^.  By  the  mirthcds  described  in  Supplement  A 
the  curves  thus  formed  were  converted  to  0 curves. 

For  each  of  the  complexes  investigated  measurements  were  made  on 
several  plots  and  on  each  ’^•lot  two  "runs''  ■.rere  made,  - the  first  b^ing 
designated  as  the  "initial  run"  and  the  las^:,  ■■rhich  was  made  24  hours 
later,  being  cal'j.ei  the  ’Rnet  run".  The  rai.niall  minus  run-off  curves 
for  all  wet  rune  on  given  complex  were  conooelted  and  the  0 curves 
developed  from  4..ie  composite  curve. 

the  methods  doscribed  in  wSunplem.ene  A,  0 curves  for  wot  condi- 
tions vrcro  derived  fo.i-  all  the  complexes  on  nhich  measurements  were  made. 
3y  the  S3’'st0m.  of  interpolation  explained  in  the  Supplement  similar 
cijirvGS  were  alsc  cone  true  tod  for  the  covers  and  treatments  on  liiiich  no 
meas‘'arGments  wc^e  made  , The  end  product  was  a series  of  0 curves  for 
each  of  the  following  factors  in  combination  vrith  each  of  the  six 
different  significant  soil  groups: 


TABLL  D-1.  DEvT^LOPI'lLl'IT  OF  AVERAGL  STORM  PATTERN 
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Season:  Winter 

Summer 
Fall 

Covers : Row  crops  unimproved 

Row  crops  improved 
Legume 
Small  grain 
Grass  legume 
Pasture  unimproved 
• Pasture  improved 

These  curves  were  m.ade  available  for  all  significant  complexes 
on  the  watershed  in  its  present  and  future  condition. 

Effect  of  Antecedent  Rain;  All  of  the  foregoing  deals  only  with  the 
0 curve's  for  wet  conditions.  To  derive  0 curves  for  soils  with  different 
degrees  of  wetness  it  vras  assumed  that  the  average  0 curve  determined  for 
a given  complex  from  the  ’’initial  runs”  would  renresent  a wetness  index 
of  1 - 0.1  and  that  the  average  curu'-e  from  the  wet  runs  would  represent 
an  index  of  Z = 0,7.  Curves  of  1 =0,2  and  0.5  were  interpolated  to 
cover  the  range  of  1 values  which  were  evident  in  the  storms  used  in  the 
evaluation  series. 

Effect  of  Season:  Seasonal  irh'luence  was  evaluated  03^  a study  of  data 

obtained  on  the  same  complexes  during  the  different  seasons  of  the  ^''ear 
as  described  in  Supplem.ent  A, 

The  Final  0 Curves ; The  0 curves  for  each  cover  on  each  soil  vrere  draevn 
on  transparent  material  to  the  same  scale  as  the  P^  and  Tq  curves  for 
the  evaluation  storms  so  that  they  could  be  u.sed  as  templates  in  the 
process  of  estimating  run-off.  Figure  D-4  illustrates  the  final  0 curves 
and  the  manner  in  which  they  were  used. 

It  -vill  be  not.  d bhat  a vertical  shifting  of  the  curves  m.ake  themL 
applicable  to  the  diff:rent  seasons.  In  this  ^ray  the  construction  of 
separate  templates  for  different  seasons  was  avoided.  The  manner  in 
which  the  0 curves  were  used  in  estimating  run-off  follows. 

Calculation  of  Ru^-of f j 


Run-off  for  Indwwdu.al  Complexes  ; The  run-off  for  each  storm  in 
the  evaluation  series  for  Elliott  Creek  and  the  hest  Fork  taken  from 
the  Sioux  City  record  and  for  each  of  the  sjuc  average  storms  developed 
for.  the  Little  Sioux  and  Iiaple  Rivers  was  estimated  for  each  of  tlie  im- 
portant complexes  present  in  the  watershed.  The  nrocedure  used  is  illus- 
trated in  Figure  L-4.  The  transparent  0 teiapla-es  wer*e  laid  over  the  T^ 
curve  and  the  point  of  Intersectj. on  established.  The  value  of  0 at  this 
intersection  is_,  by  definition^  the  intensity  above  which  the  excess  rain- 
fall equals  the  surface  rim-off.  To  estimate  the  run-off,  therefore,  it 
was  only  necessar^^  to  enter  the  P curve  with  the  given  value  of  0 in 
the  manner  illustrated  by  Figure  D-4, 


TABLE  D-2.  DETEKtl^.N/^TIOl-J  GF  RUN-OFF  ON  THE  MAPLE 
Rr/ER  WATERSHED  FOR  STORn'  A 


(1.7S  inches  rainfall) 


Delineation 

Sq«  Mile  in 
Watershed 

Average 

Pe 

Sq.  Files 
Inches 

26a 

138,1 

,120 

16.57 

9-B-l 

110.1 

.234 

25.76 

9-B-2 

231.7 

.213 

49.35 

9-C-2  & 3 

92.1 

.235 

21.64 

ll-C-2 

23,8 

.273 

6.50 

ll-C-3 

60.0 

.268 

16.08 

11-D-l 

7, -6 

.152 

1.16 

ll-D-2 

21.3 

.203 

4.32 

ll-D-3 

47.8 

.234 

11.19 

150-C  <»:•  D - 
1 and  2 

7.5 

,159 

1.19 

Total 

740.0 

153,76 

Run-off  in 
inches 
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Run-off  for  the  ITatersheds ; Having  the  estimated  run-off  for  each 
stoiTTi  by  complexes  the  run-off  for  any  i,Tatershed  was  determined  by  mul- 
tiplying each  comolex  run-off  by  the  area  of  the  complex  to  determine  the 
volume  of  water  yielded.  These  volumes  were  then  added  and' the  total 
divided  hy  the  drainage  area  to  obtain  the  depth  of  run-off  from  the 
watershed.  Table  D-2  is  a sample  of  the  calculations  made  for  the  l-I^ple 
River. 

Adjustment  for  Contour  Tillage  and  Furrows ; Estimates  were  made  of 
the  additional  surface  storage  provided  by  contour  tillage.  These  esti- 
mates were  based  on  field  measurement  and  available  experimental  data 
and  amount  to  0.09  inches  average  storage  diu’ing  tlie  gro?d.ng  season.  The 
type  of  contour  furrow  designed  for  installation  under  the  program  mil 
provide  storage  equal  to  one  inch  of  rainfall. 

In  calculating  run-off  from  an  area  to  be  contour  tilled  or  furrowed 
these  estimates  of  reduction  in  run-off  were  used  if  tiie  calculated  sur- 
face run-off  without  contour  tillage  or  furro\TS  equalled  or  exceeded  the 
additional  storage  provided  by  these  m.easures.  fPnere  tlie  surface  run-off 
did  not  equal  the  additional  storage  caoacit3^  the  value  of  the  run-off 
from  the  area  to  be  contour  tilled  or  furrowed  was  deducted  from  the  total 
run-off  for  the  watershed.  These  deductions  were  made  for  storms  which 
would  occur  during  the  season  of  effectiveness  of  the  measures. 

Flood  Series  and  Their  Use : The  calculations  outlined  above  were 

made  in  connection  with  all  storms  from  the  Sioux  City  record  selected 
to  promde  a flood  evaluation  series  for  Elliott  Creek  and  the  ^Test  Fork. 
The  calculations  resulted  in  a series  of  floods  that  would  occur  on  these 
streams  without  and  mth  the  farmland  treatment  prograam  in  effect  over  a 
l6-year  period  of  normal  storm  experience. 

The  same  calculations  were  made  for  the  six  average  storms  that 
would  produce  floods  of  different  magnitudes  on  the  Little  Sioux  and 
Maple  Rivers,  The  relationship  established  for  the  present  and  future 
run-off  from  the  six  storms^  used  in  the  evaluation  of  tlrie  remedial  pro- 
gram on  tliese  watersheds^  was  entered  with  the  flood  volumes  in  the  flood 
evaluation  series  derived  from  the  Correctionville  record  to  determine 
the  future  volumes  of  each  flood  in  the  series  mth  the  program  in  opera- 
tion on  the  Little  Sioux  and  Maple  River  watersheds.  Tables  D-3  and  D-4 
show  the  discharge  in  flood  series  vfith  the  watersheds  in  their  oresent 
and  in  their  planned  condition.  Figures  2 to  5,  inclusive  in. the  Report^ 
show  the  percenu  reduction  in  flood  volume  expressed  in  terms  of  the 
present  volumes. 

Check  on  Calculated  Floods ; The  calculated  volumes  of  run-off  for 
all  storms  mth  the  watersheds  in  their  present  condition  vfere  plotted 
against  depth  of  precipitation  and  the  average  c'orves  fitted  to  the  plotted 
points  was  compared  ?fith  the  average  precipitation-run-off  observed  at  the 
existing  stream  gages.  The  check  indicated  that  the  calculated  values  of 
storm  run-off  compared  reasonably  well  with  tiie  observed  data,  Figiore  D-4 
shcr^TS  the  comparison  for  the  Maple  River, 


PRECIPITATION  -“P"-  INCHES  Fig.  No.  D-  4 


TJ^BLE  D-3 


. CALCULATED  VCLITKES  OF  RUN-OFF  FOR  STORES  USED  IN 
EVALU/TION  SERIES.  YOTERSHEDS  IN  EXISTING  CON- 


DITION  /ND  7/IlU  TFE 
IN  EFFECT c 

FARM  L'ND 

TRE/TETENT  PROGRAM 

Run-off  Volume  in  Inches 

Run-off  Volume  in  Inches 

Do.te 

Conditions 

Date 

Conditions 

of 

Existing  Future 

of 

Existing  Future 

Storm 

Little  Sioux  Yfr.tershed 

Storm 

'West  Fork  Yfotershed 

6-5-18 

.32 

,28 

5-26-12 

,18 

.13 

4-22-19 

.19 

.17 

6-20-12 

.51 

.45 

5-29-19 

.16 

.14 

8-16-12 

1.14 

.83 

6-12-19 

1,58 

1.37 

5-2-13 

.29 

.24 

6-28-19 

.41 

.37 

7-22-13 

,18 

.12 

7-14-19 

.80 

,71 

6-10-14 

.26 

.20 

8-13-19 

.08  . 

.07 

9-9-14 

1.29 

.91 

5-13-20 

.30 

.26 

5-25-15 

,36 

.30 

6-7-20  , 

,36 

.32 

6-5-15 

.41 

.35 

7-11-20 

.22 

.20 

7-17-15 

.99 

.76 

5-27-21 

.21 

.19 

7-4-16 

.00 

.60 

4-16-22 

.09 

.07 

8-6-16 

,26 

.20 

4-5-24 

,08 

.06 

9-9-16 

.14 

.10 

6-29-24 

.33 

.29 

4-17-17 

.10 

.05 

8-15-24- 

.25 

.22 

8-6-17 

.08 

.05 

6-4-25 

,10 

.09 

5-17-18 

.10 

,07 

6-17-25 

.09 

.07 

6-4-18 

,45 

.33 

4-30-29 

.11 

.10 

5-6-19 

.15 

.12 

6-17-29 

.14 

.12 

6-9-19 

.51 

,42 

5-13-30 

.08 

.07 

7-3-19 

.61 

.47 

6-13-30 

.16 

. lo 

5-11-20 

.23 

.15 

7-17-30 

.14 

.12 

6-30-20 

.34 

.29 

4-1-32 

.22 

.19 

7-13-20 

.39 

.34 

4-21-32 

.46 

.41 

6-14-21 

.17 

.13 

5-6-32 

.12 

.10 

8-31-21 

.15 

.10 

5-26-32 

.30 

.26 

9-2-21 

.49 

.40 

4-2-37 

.08 

,06 

7-23-22 

1.15 

.94 

5-31-37 

,60 

.53 

8-20-22 

.43 

.31 

6-19-37 

.66 

.59 

6-17-23 

.18 

.12 

8-19-37 

.49 

.43 

7-12-23 

. .23 

.15 

5-5-38 

.11 

.09 

8-6-23 

.09 

,06 

6-13-38 

.17 

.'  14 

9-30-23 

.47 

.38 

7-8-38 

.14 

.12 

6-27-24 

.38 

.29 

8-8-38 

.07 

.06 

7-15-24 

.31 

.24 

9-21-38 

,60 

.53 

5-19-25 

.56 

,50 

6-7-40 

.13 

,12 

6-2-25 

1.00 

.76 

8-26-40 

.28 

.24 

6-16-25 

.20 

.13 

5-9-26 

.46 

,32 

7-23-26 

.56 

.48 

9-17-26 

.98 

.78 

5-20-27 

.11 

.06 

8-15-27 

.09 

1 

,05 

(continued 

on  next  pege) 

TABLE  D-3  (continued) 


Date 

of 

Storm 

Run-off  Volume  in  Inches 

Date 

of 

Storm 

Run-off  Volume  in 

Inches 

Conditions 

Existing  Future 

Conditions 

Existing 

Future 

Maple 

River 

Elliot  Creek 

6-3-18 

.43 

.30 

5-26-12 

.19 

.13 

4-22-19 

.27 

.19 

6-20-12 

.52 

.44 

5-29-19 

.22 

.15 

8-16-12 

1.13 

.88 

6-12-19 

1.70 

1.20 

5-2-13 

.29 

.23 

6-28-19 

.54 

.39 

7-22-13 

.19 

.12 

7-14-19 

1.00 

.75 

6-10-14 

.27 

.21 

8-13-19 

.11 

.08 

9-9-14 

1.39 

.90 

5-13-20 

.41 

.29 

6-5-15 

.42 

.34 

6-7-20 

.48 

.34 

7-17-15 

1.05 

.79 

^7-11-20 

.31 

.21 

7-4-16 

.84 

.63 

5-27-21 

.29 

,21 

8-6-16 

.27 

.20 

4-16-22 

.11 

.08 

9-9-16 

.15 

.11 

4-5-24 

.10 

.07 

6-4-18 

.49 

.33 

6-29-24 

.44 

.31 

5-6-19 

.16 

.12 

8-15-24 

• .34 

.24 

6-9-19 

.54 

.41 

6-4-25 

.14 

.10 

7-3-19 

.64 

.48 

6-17-25 

.11 

.08 

5-11-20 

.24 

,16 

4-30-29 

.15 

.11 

6-30-20 

.35 

.30 

6-17-29 

.19 

.13 

7-13-20 

,40 

.33 

5-13-30 

.10 

.07 

6-14-21 

.18 

.14 

6-13-30 

.21 

.15 

9-2-21 

.51 

.41 

7-17-30 

.19 

. .13 

7-28-22 

1,18 

.9t 

4-1-32 

.29 

.21 

8-20-22 

.48 

.30 

4-21-32 

.61 

.44 

6-17-23 

.20 

.13 

5-6-32 

.16 

.12 

-7-12-23 

.24 

.17 

5-26-32 

.41 

.29 

9-30-23 

.49 

.38 

4-2-37 

.10 

.07 

6-27-24 

.40 

.28 

5-31-37 

.78 

.57 

7-15-24 

.32 

.24 

6-19-37 

.85 

,62' 

5-19-25 

.57 

.50 

8-19-37 

.64 

,46. 

6-2-25 

1.06 

.76 

5-5-38 

.15 

.10 

6-16-25 

.21 

.14 

6-13-38 

.23 

.16 

5-9-26 

.50 

.32 

7-8-38 

.19 

.13 

7-23-26 

.57 

-.48 

8-8-38 

.09 

.07 

9-17-26 

1.03 

.78 

9-21-38 

.78 

.57 

5-20-27 

.12 

.08 

6-7-40 

.18 

.13 

8-26-40 

.37 

.26 

D-8 


Conversion  to  PeSik  ; The  calculated  Hood  volilnes  were  con- 
vert ed~to~lceak~How^~*a*ts  ’’master”  cross-sections  on  the  tribu- 

taries. This  conversion  was  made  b3"  constructing  average  flood  ''rolimne- 
peak  flow  relationships  on  tlie  Little  Sioiuc  and  Maple  Rivers  and  the 
West  Fork  from  the  stream  flow  records  available  and  entering  these 
relationships  iwith  the  calculated  or  observed  volumes  in  the  flood  series. 
An  average  volujiie-peak  flow  relationship  was  calculated  for  Elliott  Creek 
on  the  basis  of  unit  discharges  per  square  mile  observed  fromi  the  adja- 
cent. gaged  areas. 

Calculation  of  Areas  Inundated;  At  the  beginning  of  the  surve^^^  the 
Flood  Damage  Appraisers,  the  Sedimentation  Specialists,  and  the  Survey 
Engineers  selected  cross-sections  and  ranges  to  be  used  jointly  for  flood 
damage,  sedimentation  and  hjHrologic  anaH^sis.  The • primary''  ranges,  which 
were  used  in  the  sedimentation  stud37-  and  the  flood  dam.age  appraisal,  were 
located  approximately  six  miles  apart.  These,  along  with  two  intermediate 
cross-sections,  thus  making  the  cross-sections  approxirrLatGl3/  two  miles 
apart,  were  used  in  the  li3mlrologic  anal3’’sis.  The  field  surve3^s  for  these 
sections  were  made  b3’'  a mobile  survey  part3^. 

Before  using  these  cross-sections,  each  section  was  inspected  in 
the  field  in  order  to  determine  cover,  "feasibility  as  a streamfloTf  rating 
section,  and  other  ph3’'sical  factors  ifnich  would  have  a bearing  on  the 
flow  at  the  particular  section. 

The  profiles  of  the  streams  were  obtained  by  levelling  between  the 
cross-sections. 

The  principal  t3p)es  of  cover  on  the  flood  plain  are  grain,  corn, 
pasture,  and  weeds. 

The  following  table  sIioyj-s  the  estimated  values  ox  the  roughness 
factor  ”n”,  used  according  to  cover  and  depth.  These  values  were  esta- 
blished for  average  conditions  when  the  corn  would  be  about  3 or  4 feet 
high,  at  about  the  mJxldle  of  the  groYring  season. 


Table  D~4  - Variation  of  '-’n”  for  flood  stages  according  to  varioxis  cover 


Depth" in  Feet 

: Grain’  : 

Corn  ; 

: Pasture 

: ViTeeds 

Up  to  1 

.08 

.08 

.05 

.10 

1-2 

.075 

.08 

.045 

.085 

2-3 

.065 

.08 

.04 

.075 

3-4 

•05 

.08 

.035 

.06 

4 and  over 

.035 

.05 

.03 

.045 

An  ”n”  of  .04  was  used  for  channel  floYr  at  all  stages. 

In  computing  the  theoretical  discharge  b3/  Mannings  formula,  the 
cross-section  was  divided  into  sections  according  to  the  cover  and  the 
values  of  ”n”  used  as  per  Table  D-4^,  To  obtain  the  combined  discharge. 
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TABLE  D-5-  CALCULATION  OF  DISCIL^iRGE  AT  R-0  WEST  FORK 
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the  discharges  in  each  of  the  divisions  of  the  cross-section  at  corres- 
ponding stages  were  added  together.  This  procedure  was  used  instead  of 
applying  one  value  of  ”n*’  for  all  stages  and  cover  conditions. 

From  these  calculations,  discharges  for  corresponding  stages  were 
plotted  to  form  a rating  curve,  and  points  were  clotted  to  shovf  flooded 
width  for  each  stage.  Sample  calculations  are  sho?na  for  R-0  (Figure 
D~5)  on  West  Fork  in  Table  D-5  and  the  graphs  are  shomi  in  Figure  h-6. 


hlien  calculations  vrere  completed  for  each  cross-section,  the  sections 
were  weighted  according  to  the  length  of  channel  the^^  represented.  The 
length  of  channel  multiplied  by  the  flooded  vridth  for  any  stage  gave 
the  area  flooded  at  the  section  being  considered.  Concordant  flows 
throughout  the  stream  length  were  set  uc  in  the  ratio  of  the  drainage 


areas  to  the  o,6  power  i.e.  Qp  = 


O' 


I .6  These  calculations  are 


shown  in  "^ahle  D~6,  It  was  at  first  assumed  that  tlie  six  flows  shovrn 
this  table  would  be  sufficient  to  cover  the  range  of  floods  in  the 
evaluation  series,  however,  it  was  discovered  that  due  to  the  varia- 
tion in  topography  of  the  flooded  area  many  intermediate  flows  were 
required.  In  order  to  determine  accurately'"  the  relation  between  stage 
and  area  in"undated.  Table  D-7  was  prepared.  On  each  of  tlie  watersheds 
except  Elliott  Greek  it  was  necessary  to  segregate  certain  reaches  of 
the  flood  plain  because  of  the  great  difference  in  flood  damages.  For  this 
reason  Table  D-7  is  divided  into  two  parts  ; the  ranges  R--0  to  R-15  repre- 
sent the  lower  portion  of  the  flood  plain  and  R-15  to  R-30  the  upper  por- 
tion, This  same  procedure  y^ss  Polla'^red  for  each  of  the  watersheds  considered. 


The  concordant  stages  at  all  cross-sections  Y-iere  used  to  determine 
the  Y/idth  of  inundation  at  the  cross-sections.  The  areas  of  overflow  in 
the  reaches  between  the  cross-sections  were  then  computed  by  multiplying 
the  stream  lengths  between  the  cross-sections  by  the  mean  of  the  width 
of  inundation  at  the  ends  of  the  reaches.  The  inundated  areas  in  all  of 
the  reaches  were  then  totaled  to  determine  the  area  inundated  by  floods 
of  different  magnitude.  The  areas  inundated  were  plotted  against  the 
selected  peak  stages  at  the  master  section  so  that  the  area  inundated  by 
a flood  of  any  magnitude  could  be  quickly  determined.  Figures  D-7  through 
D-ll  show  the  discharge-area  inundated  relations  for  the  Little  Sioux, 
Maple,  ViTest  Fork,  and  Elliott  Creek. 


As  explained  in  Aopendix  B the  area  inundatcd-flood  magnitude  curve 
was  used  to  determine  the  ar:a  of  ovrrflow  by  (W/ery'"  flood  of  the  evalua- 
tion scries.  This  enables  the  damage  to  be  r-s  tuna  ted  for  each  flood. 
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TABLE  D-6e  DETER!  ttN/ T ION  OF  CONCORDiJTT 
FLONS  ON  WEST  FORK 


Drain- 

Section  age  -Area 
sq.  ni. 

Ratio 

0.6 

1000 

2000 

5000 

10,000 

20,000 

40,000 

R-0 

388 

1.000 

1000 

2000 

5000  ‘ 

10000 

20000 

40000, 

R“2 

381 

1.010 

992 

1980 

4960 

9920 

19800 

39650 

R-4 

376 

1.020 

983 

1962 

4910 

9830 

19620 

39250 

R-6 

t 

369 

1.030 

972 

1941 

4860 

9720 

19410 

38850 

R-8 

362 

1.044 

960 

1918 

4800 

9600 

19180 

38400 

-R-10 

356 

1.055 

950 

190C 

4750 

9500 

19000 

38000 

R-12 

347 

1.068 

940 

1875 

4700 

9400 

18750 

37500 

R-15 

271 

1.245 

805 

1608 

4025 

8050 

16080 

32  200 

R-18  • 

246 

1.315 

762 

1520 

3805 

7620 

15200 

30400 

R-21 

235 

1.350 

742 

1480 

3710 

7425 

14800 

29650 

R-22 

225 

1.385 

724 

1445 

3610 

7240 

14450  . 

, 28900 

R-24 

168 

1.718 

584 

1165 

2915 

5340 

11650 

23300 

R-26 

150 

'1.770 

566 

1130 

2830 

5660 

11300 

22600 

R-29 

145 

1,800 

557 

1110 

2780 

5570 

11100 

22250 

R-30 

138 

1.060 

538 

1075 

2690 

5380 

10750 

21500 

R-32 

44 
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TABU.  D-7,  DISCl-IARGE  - AREA  IIJUNDATED  RELATION  - WEST  FORK 
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SECTION  II  - SFFSCT  OF  PROGHij:  ON  SBDIISI^JT 
Farmland  Treatment  ProrTam 

The  effect  of  the  proposed  remedial  orogram  upon  the  quantity  of 
sediment  reaching  the  drainage  ditches  on  the  i^iissouri  River  alluvial 
plain  was  approximated  by  assuming  that  ten  years  after  the  program  be- 
came effective  the  delivery  of  sediment  to  the  ditches  would  be  reduced 
by  the  same  percentage  as  uoland  erosionj  the  reduction  to  take  place 
uniformly  through  the  ten-year  period. 

Effect  of  Program  Upon  Erosion 

By  a studjr  of  experimental  results  obtained  at  several  Soil  Conser- 
vation Experiment  Stations  and  of  other  applicable  information^  an  index 
of  erosion  was  derived  for  each  of  the  covers  and  practices  existing,  or 
to  exist  under  the  program,  in  the  Little  Sioux  watershed.  These  indices 
represent  the  ratio  of  erosion  for  the  given  condition  to  erosion  on  fair 
native  pasture.  Table  D~8  shows  the  indices  adonted. 

weighting  the  erosion  indices  ".vith  the  relative  area  of  the  repre 
sented  condition  existing  in  each  delineation  it  was  found  that  the  pro- 
gram would  reduce  the  soil  lost  from  each  by  the  follomng  percentages: 


Delineation 

Percentage  Reduction 

9-3-1 

55.0 

9-3-2 

43.7 

9-0-2  and  3 

68.0 

ll-G-2- 

68.0 

ll-C-3 

68.0 

11-D-l 

66.0 

ll-D-2 

71.3 

ll-D-3 

76.0 

150-C  and  D-1  and  2 

42.0 

Effect  of  Program  Upon  Delivery  of  Sediment  to  Second  Order  Streams 

Given  the  estimated  reductions  in  erosion  it  was  assumed  that  the 
delivery  of  sediment  to  the  second  order  streams  would  be  reduced  b^'’  the 
same  percentages  as  erosion.  The  total  deliveries  of  sediment  for  all 
the  lands  in  Division  A and  3 were  then  calculated  for  both  oresent  and 
contemplated  conditions.  In  this  way  it  was  found: 

1.  Tliat  vdthin  Division  A the  deliver^'’  of  sediment  to  second  order 
streams  vrc>uld  be^  reduced  1^9,6%  by  the  farmland  treatment  program, 

2,  That  yrithin  Division  3 the  corresponding  reduction  would  be  65.2^. 

I/ia.jor  Gully  Control  Program 

The  major  gully  control  orogram  was  designed  to  bring  these  gullies 
to  a standstill.  However,  to  insure  a conservative  estimate  of  benefits 
it  was  assumed  that  the  major  gullies  mil  continue  to  discharge  10  per- 
cent of  the  sedjjnent  thoy  now  yield;  that  is  the  program  was  considered 
90  percent  effective. 
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COVERS 


RELATIVE  VALUE  OF  EROSION  FOR  VARIOUS 
AND  PPUAC, TICES  IN  THE-  LITTLE  SIClUC  VA'TERSI-ED 


Present 
con- 
diti  on 

Remedi 

al  Program 

No  supporting  ; 
practice  : 

ITith 

contouring 

. • X 1 , 

: i.loil 

: terracing 

Clean  Tilled 

17.00 

15.34 

■ 6.14 

3.84 

Small  Grain 

5.79 

5.79 

5.30 

1.44 

Rotation  1-Ia.y 

2.30 

-2.30 

2.30 

.58 

Permanent  Hay 

1.50 

1.50 

Poor  Tame  Pasture 

1.30 

1.30 

Good  Tame  Pasture 

.50 

o50 

Poor  Native  Pasture 

1.30 

1.30 

Fair  Native  Pastuure 

loOO 

1.00 

Good  Native  Pastuue 

.50- 

.50 

Gra  zed  TA o odla  nd 

.50 

.50 

Protected  TAoodland 

0 

0 

Unproductive  Land 

12.00 

12.00 

Idle  Land 

7.00 

■ 7,00 

Farmstead 

5.00 

5.00 

Roads 

5.00 

5.00 

APPENDIX  D 


SUPPLE!^IFD]T  A 
\ 

Infiltration  Studies 


Soils  of  major  importance  ?.n  the  Little  Sioux  waterslied  are  of  the 
loess  and  drift  character.  For  infiltration  purposes^  soils  developed 
under  similar  conditions  or  soils  ;ni.th  approximately  the  same  character- 
istics were  placed  in  the  same  category’'. 

The  soil  groups  sampled  are  given  in  Table  DA-1.  Tlie  dominating 
soil  in  each  group  is  listed  first  and  all  infiltrometer  runs  for  that 
classification  were  made  on  that  particular  soil  t3V?e.  Clarion  Silt 
Loam  is  classed  Tilth  the  Loess  soils  in  Group  1,  for  infi3.tration  pur- 
poses because  similarity’’  of  surface  conditions.  A soil  of  this  charac- 
ter would  tend  more  toward  the  loess  ty’pes  than  to  the  drift  ty^nes. 

Major  land  uses  occurring  at  the  present  and  those  to  be  found 
under  the  recommended  program  are:  clean  tilled^  small  grain^  legume 

m.eadow,  and  poor  and  good  pasture.  By  obtaining  the  iniiiltrati on  rates 
for  the  above  land  uses,  evaluations  for  the  recommended  program  could 
be  made. 

Soil  ty^oe  and  land  use  complexes  for  vhich  infiltration  values  were 
obtained  are  given  in  Table  DA-2.  Also  gi’^^en  in  this  table  are  the  con- 
ditions sampled  by’-  the  F and  FA  ty’-oe  infiltrometer  during  the  three 
seasons.  The  complexes  sampled  were  chosen  to  enable  es.sy  interpolation 
of  values  for  conditions  that  v/ere  not  field  determined. 

As  is  shown  in  Table  DA-2,  the  F ty^c-  was  used  on  three  soils  and 
only  two  cover  conditions  for  each  soil.  The  FA  was  used  on  six  soils 
and  a serhos  of  covers  for  each.  The  F wf  s used  only>'  for  the  spring 
season;  whereas  the  FA  was  used  during  the  spring,  summer  and  fall. 

Gom.plete  data  Y^ere  obtained  in  the  spring,  but  only.'’  designated  values 
v/erc  obtained  for  tlm  summer  and  fall.  3y  securing  values  on  the  selected 
complexes,  values  for  the  remaining  conditions  were  interpolated. 

The  test  plots  were  located  on  the  sample  farms  used  for  other 
studies  connected  lYith  the  sur\’’ey’’.  More  than  one  cover  or  soil  was  taken 
on  the  same  farm,  if  it  was  practical  to  do  so.  Fast  land  use  was  also 
considered  when  determining  plot  locations. 

The  number  of  runs  necessary’’  to  establish  an  acceptable  infiltration 
value  varied  7rith  the  typ>e  of  infiltrometer,  Only^  four  runs  ’were  made  with 
the  F;  whereas  the  FA  number  requ.ired  was  determined  by’’  the  standard  error 
which  was  to  be  less  than  20  percent  of  the  mean.  Some  comiplex  values  do 
not  meet  this  standard  because  of  limitations  on  time  and  ••"unds. 


1/  The  tyroe  FA  infiltrometer  plot  is  12  inches  wide  and  1C  inches  long. 
Fne  tyw)e  F infiltrometer  plot  is  6 feet  by^  12  foot. 


Table  DA-1 


SiUTunar^'  of  Soil  Classified  ais  to  Infiltration  Characteristics 


Soil  Group 

Soil  T^.oe 

I 

Harshall  silt  loam^  Marshall 
silt  loam  (flat  phase) ^ 'lauke- 
sha  silt  loam  (3)^  Clarion  silt 
loam . 

II 

Clarion  loam 

III 

Knox  sil-t  loam 

IV 

hiarsliall  silt  loam  (bro?m  phase) 

V 

Tebster  silt^?-  cla'^?'  loam,  Marcus 
silty  clay  loam^  Lamoure  silty 
clay  loam,  Benoit  silty  clay 
loam^  Vakesha  silt  loam  (A), 
O’Neil  loam^  Sioux' loam^  '"abash 

silt  loam. 

VI 

Clarion  loam  (steep  phase), 
Clarion  loam  (rolling  phase), 
C3.arion  fine  sandj*  loam,  Dick- 
inson fine  sandv  loam.  Pierce 
loam..  Pierce  fine  sand^^  loam. 

V 


TABLE  DA-2.  INFILTR/.TION  HATES  (f^)  IN  INCHES  PER 
HOUR  BY  SOILS,  SEASON,  LAND  USE  AND 
TYPE  OF  INFILTROMETER. 


L A 

N D USE 

Corn 

Small 

Legume  Grass 

Poor 

Good 

1 

n 

4. 

Soils 

Season 

Grain 

Meadow  Legume 

Meadow 

Pas- 

ture 

Pas- 

ture 

FA  F 

FA 

FA  F FA 

FA 

FA 

Marshall 

Spring 

.395 

299 

1.077  .990 

1 

silt  loam 

Summer 

.127 

1.090 

.931 

s 

Fall 

,494 

1,089 

1.548 

Clarion 

Spring 

,685 

1,112 

! 

r 

loam 

Slimmer 

Fall 

Knox 

Spring 

,521  • 

352 

,607 

.704.  .508  1.157 

.565 

.904 

Silt  loEim 

SuTiimer 

Fall 

.347 

/ 

, 

Marshall  silt 

Spring 

.381  « 

442 

.486 

! 

loam  (brown 

Summer 

1 . 

phase) 

Fall 

Webster  silty 

Spring 

. 396 

1,371 

clay  loam 

Summer 

Fall 

' .594 

r 

2 , 032 

Clarion  loam. 

Spring 

.455 

1,771 

.t ' 

(steep  phase) 

Summer 

Fall 

'.'A 


DA-^2 


In  Tables  DA-3,  M-4,  M-5,  DA-6,  DA-7,  DA-S,  DA-9  and  DA-10  are 
listed  the  indimdual  terminal  rainiall  irdniis  run-off  values  from  the 
plots  Yd-th  their  resp’ective  means,  standard  deviations,  and  standard 
errors,  Tliese  are  given  by  soil  groups,  land  use,  season,  and  t^'pe  of 
inf iltrometer . 


For  all 
and  FA  t3'pes 
off  curves. 


complexes  sampled,  0 cuTves  were  develooed  for  both  the  F 
Bases  for  tliese  ivere  the  individual  rainfall  minus  run- 


To  obtain  a common  starting  point  for  all  rainfall  minus  run-off 
curves  of  a given  complex,  it  Yras  necessary  to  extend  all  curves  to  a 
point  equal  to  the  time  of  the  curve  having  the  shortest  elapsed  time 
before  run-off  occurred.  The  highest  rate  of  rainfall  minus  run-off 
to  lYhich  these  cu.m^’es  could  be  extended  rras  the  highest  probable  inten- 
sity rain  that  can  be  expected  to  occur  on  the^ watershed.  This  intensity 
Yrcs  established  at  6.00  inches  per  hour.  From  these  rainfall  minus  run- 
off curves  a composite  itc.s  made. 


The  sample  0 curve  calculation  shcrm  is  for  the  harshall  silt  loam- 
corn-spring  complex.  The  six  individual  rainfall  minus  run-off  curves 
and  recession  ciu^ves.  Figure  DA-1,  were  draYm  from,  data  taken  in  the  field 
Infiltration  values  of  each  cur^x^  at  a designatecT  time  are  read  and  en- 
tered in  Table  DA-11.  Average  rainfall  and  run-off  valurs  are  then  ob- 
tained. Average  rates  of  run-off  are  then  calculated  for  the  various 
times  as  given  at  top  of  Figure  DA-2,  Maass  run-off  values  are  entered 
at  bottom  of  page  in  line  . 


The  volume  of  run-off  recession  curves  Yras  determined  in  the  follow- 
ing manner.  3y  ocular  inspection,  one  curve.  No,  115^  rras  chosen  as 
being  t^’pical.  This  curve  was  usualty  one  of  high  rate  and  of  a good 
length  in  time.  This  rras  plotted  to  a suitable  scrle  in  Figure  DA.-2, 

It  was  then  desired  that  the  remaining  curves  should  intersect  this  base 
curve  at  their  individual  m.idpoints , The  midpoint  of  the  rate  axis  was 
determined  for  a curve,  and  this  Yras  located  on  the  base  cun^-e  at  that 
point.  All  the  other  points  of  that  cirve  Yrere  then  located  by  morety  off 
setting  them,  to  the  corresponding  position  of  midpoint.  This  gave  a arell- 
grouoed  set  of  recession  curves  through  arhich  an  average  recession  curve 
could  easily  be  dra^vn. 

Cumul''"tiv0  volumes,  calculated  for  the  average  recession  curve,  were 
plotted  hj  intensity  and  volume  (Figure  DA.-3)  • From,  this  curve,  volumes 
were  read  which  corresponded  to  the  time  and  run-off  rates  as  calculated 
at  top  of  Figure  DA-2.  Tliese  Q 4-  Qp  values  rrere  added  to  the  respective 
run-off  values  in  line  ”Q'*,  changes  to  rates  and  subtracted  from  the 
precipitation  to  get  the  0 values.  These,  irith  the  average  run-off 
and  infiltration  values,  were  plotted  and  curved  in  Figure  DA-3. 


The  follaving  is ' the  procedure  used  in  developing  0 curves  vliich 
were  applied  to  the  storm  diagrams  discussed  in  A.ppendix  D, 


The  results  of  field  infiltrometer  runs,  in  terms  of  mdriimum  rainfall 
minus  run-off  rates,  were  set  up  on  the  left  side  of  Table  DA.— 12,  VAiere 
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TABLE  DA-3.  INFILTR.^  TIDE  R' TF.S  (f^)  OF 

INDIVIDL7L  PLOTS  FOR  F INFIL- 
TRORTRTFR  by  WGr.TM.  COVER 
SOIL  TYPE 


Vegetal  Cover 


Corn 


Legume 


Marshall  silt  loam-  spring  season 
rate  in  inches  per  hour 


.227 

.886 

- o281 

.618 

.389 

1.163 

.299 

1.295 

ROo  of  plots 

A‘ 

4 

Mean 

.2990 

.9905 

' Marshall 

silt  loam  (brown  phas( 

spring  season,  rate  in  inches 

per  hour 

.421 

.497 

.436 

.405 

,223 

.627 

.686  ^ - 

.413 

No.  of  plots 

4 

4 

Mean 

.4415 

.4855 

Knox  silt 

loam  “ spring  season 

rate  in  inches  per  hour 

.373 

.478 

.490 

.299 

.238 

.594 

.306 

.663 

No.  of  plots 

4 

4 

Mean 

.3518 

.5085 
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T/BLB  INFILT^lTION  (f^)  OF 

INDI'^rrOU-'L  PLOTS  FO-’?  F/  IN- 
FILTROMFTFp  3Y  WOL'TAL  CO'/ER 
iPD  SOIL  TYPE 


Vegetal  Cover 
Corn 


Marshall  silt  loam  (brovm  phase)  - 
spring  season,  rste  in  inches  per  hour 


■.652 

.487 

.336 

.223 

.498 

.430 

.240 

.271 

.290 

No.  of  plots 

9 

Mean 

.3807 

Standard  deviation 

1.1449 

Standard  error 

1.0483 

TABLE  DA-5c  INPILTR' TION  PVTES  (f^3)  OF 
INDI^TIDUFL  PLOTS  FOP  FF  IN- 
FILTROMETER  BY  VEGETAL  COWR 
AND  SOIL  TYPE 


Vegetal  Cover 


Corn 

Good  Pasture 

- Clarion  ( steep  phase 

) - spring  sea^; 

rate  in  inches 

per  hour 

.939 

1.385 

.428 

1,408 

.466 

1.644 

.396 

1.489 

.512 

2.815 

.178 

1,420 

.267 

2.236 

No.  of  plots 

7 

7 

Mean 

.4551 

1.7713 

Standard  deviation 

1 .2837 

i . 5467 

Standard  error 

I .1072 

1 .2070 

TABLE  DA-60  INFILTRvnON  OE  Pu^TEB  (fc)  OF  INDIVIDUAL 
PLOTS  FOP  FA  INFILTPOBIE.TER  BY  VEGETAL 
COIGDR  AND  SOIL  TYPE 


V’egetal  Cover 


Corn 

Siaall 

Grain 

Legiune 

I!eadow 

Grass- 

legume 

Meadow 

Poor 

Pasture 

Good 

Pasture 

Knox  silt 

loam  - spring  season 

rate  in 

inches  per 

hour 

.527 

1.099 

.55.8 

0 385 

.402 

.797 

.547 

.136 

.782 

1.228 

.310 

.487 

.584 

.526 

.660 

.543 

.445 

,505 

.605 

.627 

.510 

.539 

1.289 

.618 

.473 

.649 

.880 

1.570 

.827 

1.461 

.390 

.583 

.835 

1.298 

1.090 

1 , 300 

■ .629 

1.688 

.139 

1.076 

2.005 

.260 

.989 

.366 

,525 

No.  of  plots 

6 

7 

6 

8 

10 

8 

Mean 

'.5210 

. 6066 

.7042 

1.1570 

' .5651 

.9041 

Stand,  dev. 

^ .0789 

± .2809 

±ol516 

± .6037 

± .3781 

± .3645 

Stand  error 

±.0035 

A:  .1062 

.t:.0619 

± .2135 

±-.1194 

±r.l378 

Knox  silt 

loam  - summer  season 

rate  in 

inches  per 

hour 

.391 

.426 

' 

.467 

.601 

.481 

.393 

.504 

.707 

.125 

1.404 

.116 

1 0 0 8 0 

1.218 

• 

1.427 

No.  of  plots 

6 

8 

Mean 

. 3473 

.9449 

Stand,  dev. 

^.2688 

± ,5512 

Stand  error 

A.  1097 

m .1949 

Ti^.BLE  DA-7o  INFILTPi-TIOIT  FATES  (f^}  OF  INDITOU/L 
PLOTS  FOR  F/  INPILTROJ^iTER  31  VEGETAL 

coviip  ;kd  soil  type 


Vegetr.l  Cover 


Smp.ll  Legume 

Corn  Grsin  -‘’efidow 


’Marshall 

rate 

silt  lopm  - spring 
in  inches  per  hour 

season 

.111 

1.044 

.614 

1.091 

. 140 

.681 

.283 

'.468 

. 590 
.631 

1.612 

1.564 

No.  of  plots 

6 

6 

Mean 

.3948 

1.0767 

StpjidarcL  deviation 

I . 2453 

I .6860 

Stsndard  error 

I . 1000 

I .2801 

Marshall 

rate 

silt  loam  - summer 
in  inches. per  hour 

season 

.548 

.753 

1.030 

- 

.232 

1.036 

.913 

.233 

1.573 

1.010 

.274 

1.038 

1.432 

.721 

.821 

.970 

.552 

1.320 

.232 

No.  of  plots 

6 

6 

6 

Mep.n 

.4267 

1.0902 

.9312 

Standard  deviation 

1.3106  * 

= .4622 

. 5820 

Standard  error 

: .1268 

“ .1887 

-.2376 
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TABLE  DA-8.  INFILTRATION  TL^TES  (f(,)  OF  INDIVIDUAL 
PLOTS  FOR  FA  INFILTROA^TER  BY  WmiAL 
COVER  AND  SOIL  TYPE 


Veeretal  Cover 

O 

Small 

Corn  ' Grain 


Legume 

Meadow 


Plarshall  silt  loam  - fall  season 
rate  in  inches  per  hour 


,496 

,686 

1.500 

,604 

1.035 

2.145 

.446 

.958 

1.728 

,335 

2.023 

1.137 

.447 

.663 

1.506 

.568 

.811 

1.096 

.549 

1.381 

-o 

1.618 

' 

.401 

.664 

2,217 

.521 

.514 

1.080 

.568 

1,337 

1.306 

.502 

1.476 

1,966 

1.767 

1.622 

.689 

1,479 

No,  of  plots 

10 

15 

12 

Mee"^' 

.4935 

1.0837 

1,5480 

Stanaard  deviation 

Z.0o39 

1 .5110 

t .3753 

Standard  error 

1.0265 

1 .1319 

1 .1083 

TABLE  DA-9.  INFILTPATION  RATES  (fc)  OF  BDIVIDUAL 
PLOTS  FOR  F/  INFILTROMETER  BY  VEGET.IL 
COVER  AND  SOIL  TYPE 


No.  of  plots 
Mean 

Standard  deviation 
Standard  error 


Vegetal  Cover 

Corn  Legume  Meadow 


Clarion  silt  loam  - spring 
season  rate  in  inches  per  hour 

.513  lo389 
o 590  . 840 
,572  o510 
.585  .930 
,866  1.406 
.685  1.600 


6 

.6852 

-.2395 

-.0978 


6 

_^1.1125 

- .6241 

- .2548 


TABLE  DA-10,  IlTFILTRi^TION  RATES  (fc)  OF 
INDIVIDUAL  PLOTS  FOR  FA 
INFILTROr'IETER  BY  ^/^TtETAL 
COVER  AND  SOIL  TYPE 


Vegetal  Cover 

Corn 


Legume 


No.  of  plots 
Mean 

. Standard  deviation 
Standard  error 


No.  of  plots 
Mean 

Standard  deviation 
Standard  error 


Webster  silty  clay  loam  - spring 
season,  rate  in  inches  per  hour 


.258 

'.700 

.534 

1.519 

.330 

1.508 

.282 

1.090 

.270 

1.930 

.404  - 

1.480 

6 

6 

.3963 

1.3712 

-.1958 

i .6324 

i.0799 

± .2582 

Webster 

silty  clay  loan  - summer 

season. 

ra.te  in  inches  per  hour 

.471 

2.040 

.143 

1.632 

. 540 

1.779 

.627 

2.163 

.812 

2.940 

.970 

1.640 

6 

6 

.5938 

2.0323 

- .4289 

1 .6844 

t .1751 
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both  F and  FA  equiprient  was  used  on  i:he  sane  soil  and  cover^  the  vpj.ues 
were  plotted  to  deternine  the  relation  between  the  niniTmjr'"L  rates  of  the 
two  sets  of  equinnsnt  (Figure  DA-4)  . Fith  this  ""elation  established  all 
FA.  values  were  converted  to  F x’alu'^s  as  shown  on  the  right  side  of  Table 
DA— 12.  To  deternine  the  values  for  cover  conditions  on  ’.iiich  no  runs  were 
made^  the  soils  were  set  up  on  vertical  lines  (Figure  DA-5)  spaced  so  that 
the  average  of  the  f^  (spring)  values  of  corn  and  legi.me  ".^Tould  fall  in  a 
straight  line.  This  was  done  so  that  if  the  ratios  between  cover  t^mes 
varied  ber  ‘een  soil  t^Tves^  the  error  in  determining  intermediate  values 
vrould  not  be  applied  to  cnl^''  one  cover  but  would  be  wore  evenly  distributed 
to  all  covers.  Hie  values  in  Table  DA-12  were  then  plotted  on  the  proper 
soil  tirpe  line^  and  a line  raas  draiTn  through  the  points  representing  the 
same  cover.  The  values  at  tue  intersection  of  the  co"”er  and  soil-t^eie  lines 
7.’’ere  taken  from  this  diagram  and  listed  on  the  left  of  Tab3.e  DA-13  ns  spring 
value  s . 

¥here  n.ins  were  made  on  the  same  cover  and  soil-tjq^e  during  m.ore  than 
one  season^  the  values  were  plotted  to  determine  the  relationship  between 
spring  and.  surmier^  and  between  soring  and  fa3.1.  By  using  this  relation- 
ship^ surmer  and  fall  values  were  added  to  Table  DA-13. 

It  vras  then  necessary*’'  to  dstc-rirdne  the  relation  betvreen  the  values 
of  0 at  a certain  tim.e  and  the  values  of  xq.  To  do  this^  the  values  of 
0 at  1.4  hours  were  plott.id  against  (Figure  DA-"^)  . Tfith  this  rela- 
tion established^  all  values  of  were  converted  to  0 values  as  shovm 
on  the  right  of  Table  DA--13. 


As  it  is  desirable  to  have  only  one  curve  to  represent  either  a s oil 
type  or  cover  twee^  it  was  necessary’'  to  determine  which  would  orovj.de  the 
most  accurate  results.  By  plotting  0 curves  for  all  covers  on  Knox  soil^ 
a '.Tide  variation  in  the  curves  was  .Cound.  Hoefever,  when  plotting  0 c'orves 
for  all  soil  types  on  corn^  there  v.n-3  a v'-iy/  minor  variation  in  the  cuiv/es. 
Therefore^  all  0 curves  were  avers g-r'd  for  like  cover  t3W)cs  by  averaging 
the  value  of  0 at  0.1^  0.2^  0.3,  0.4^  0.6,  O.f,  1.0  and  1.4  hears,  Fig-ure 
DA-3  shovTS  the  average  curves.  The  final  0 curv-^s  plotted  to  the  scale  of 
the  storm  diagram  are  shovm  in  Fig^arcs  D.A-9,  BA-10,  DA-11,  DA-12  and  DA -13. 
On  these  .fig’ures  the  curve  designated,  Z<0.1,  is  equivalent  to  the  dry  in- 
while  the  ©ne  marked  I >0.7  is  the  curve  representing  the  - 
wet  run.  Cuiw’es  of  1 equal  ©.2  and  T equal  0.5  were  added  to  cover  inter- 
mediate moisture  conditions.  The  determination  of  Z values  for  storms  is 
discussed  in  the  body  of  Aooendix  D, 
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TABLE  DA-12.'  MINIira  IKFILTRATIOM  RATES  (f q ) FOR  AI'JD  IWILTROI-dLTERS 
OBTAINED  BY  FIELD  RUNS  AND  THEIR  EQUIVALENT  fc  VALUES  FOR 
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